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INTRODUCTION. 



It is presumed that the following pages require a 
very brief preface. The writer would merely ob- 
serve that, as the opinion of several judicious 
friends coincided with his own; namely, that a 
work of this nature was yet greatly wanted, and 
as he has enjoyed very considerable experience 
during the last ten years in the direction and exe- 
cution of important railway-works; he has been 
induced to make the present attempt, with strong 
hopes of success and approbation. 

The object of the Work is to give a practical 
exposition of that now popular and all-absorbing 
subject — Railways, a medium of internal com- 
munication which, with all its concomitants and 
appendages, the British Nation has brought so 
rapidly forward to their present comparative state 
of perfection. 

The Work will be found devoid of all algebraical 
formulas ; but it will illustrate familiarly the 
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PRACTICAL APPLICATION ill evciy department of 
every thing essential and expedient, during the 
formation of railways, with a view both to their 
thorough SCIENTIFIC CONSTRUCTION and ultimately 
PERMANENT MAINTENANCE after Completion. 

Throughout the entire volume the author has 
endeavoured to treat separately the several kinds of 
works; their nature, material^ stages, and pro- 
cesses ; so that eaeli subject may be at once con- 
nected and distinct, and the whol^ rendered equally 
clear and compendious. In some instances perhaps 
this may have led him into a little prolixity : if so, 
the candid reader is respectfully entreated to attri- 
bute it solely to a strong desire of avoiding any 
ambiguity. 

The Tables it is hoped will be of great utility, 
not only as a medium of general reference, but of 
abridging tedious calculations : it was deemed ad- 
visable to give copious examples illustrating their 
use ; likewise, in some instances, the method by 
which they had been calculated ; in order that even 
a tyro might understand their principle, and those 
fully conversant with the subject see immediately 
how the results had been obtained. 

The greatest attention has been bestowed in 
preparing the several Tables for the press, and in 
the revision of the proof-sheets ; and the author 



<f!>.^ 



INTRODUCTION. VII 

confidently expects that no errors have been over- 
looked. 

Scarcely venturing to anticipate what might be 
the extent of his success, the writer was originally 
induced only to publish a limited number of copies ; 
but, upon more mature consideration, it was thought 
advisable to submit the sheets already printed, and 
also the remainder of the ms. to the perusal of some 
professional gentlemen, — of course, to persons 
equally if not more conversant with the subject 
than the writer himself. After undergoing this 
probation, he is proud to add that, they were re- 
turned not only with the approval of judges so 
competent, but with their unsolicited offers to be- 
come subscribers to the work : the latter has 
indeed been since unhesitatingly shown to many 
individuals connected more or less with railways ; 
and from the warm encouragement received, the 
writer determined to issue a second edition forth- 
with ; even before the completion of the first. This 
*^ plain unvarnished tale" will, it is hoped, be 
perfectly satisfactory with regard to the period of 
time which has elapsed since the work was 
originally announced. 



Hetton-le Hole, Durham, July, 1839. 
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CHAPTER I. 

INTERNAL COMMUNICATION. 

Piimeval state of Society— Improving the natural retouroes of a Country— 
Ancient Canals* dtc— Count Platon's description of passing rapids in Sweden 
— Policy of the Romans in establishing roads—Roman roads, and system of 
making them— Wooden Railroads— British, Scotch, and Irish Canals— Faci- 
lities of Railroads— Resistance to the motion of carriages on railroads, and 
boats on canals— Advantages and disadvantages of canals—Performance of 
horbCft on railways and canals— TurnpUce-road»— Interest for the capital 
invested in railways— Railways improving the land contiguous to than— 
Impositions practised upon railway companies, &c. &c. 

In a rude state of society, we may reasonably infer 
that man would have httle either to barter or to 
dispose of; consequently, any other mode of con- 
veyance than that of his own animal power, was 
unregarded ; and we have presumptive evidence, 
which will scarcely admit of a doubt, that the im- 

Erovement of the natural resources of every country 
as been both the cause and effect of civilization : 
they have, therefore, invariably progressed simul- 
taneously. 

We may also conjecture, that as civilization ex- 
ercised its benignant influence on man, his wants 

B 
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would become augmented ; and further, that a great 
part of the product of his industry would be an un- 
profitable superfluity, until he exchanged a portion 
of it for that of his neighbours, and ultimately for 
that of other nations. Hence, at the earliest era, 
wc find man inhabiting the shores of lakes and 
rivers, where his frail bark afforded him a species 
of conveyance, of which the Indian canoe, and 
Welch nver coracle, are admirable specimens: 
such, it is obvious, would be the incipient progpress 
of society. 

^^ Let us travel over all the countries of the 
earth," says the Abbe llaynal, " and wherever we 
find no facility of travelling from a city to a town, 
or from a village to a hamlet, we may pronounce 
thepeople to be barbarians." 

The acquisition gained by a nation in facilitating 
the internal communications of their country, it is 
premised, is unquestionable, and will be admitted 
by every political economist. Whether such na- 
tional improvements are acquired through the in- 
strumentality of individuals, philanthropically or 
sordidly, we shall not stop to inquire ; as in num- 
berless instances, pecuniary motives, in their ulterior 
consequences, have conduced to the general interest 
and benefit of mankind. 

It would appear from history, that the earliest 
operations of any magnitude (magnitude in its most 
comprehensive sense, considering the then rude 
state of society) for improving the natural internal 
communications of a country, happened fortuitously, 
by making hydraulic works, for the purposes of 
agriculture, and which were subsequently found tCF 
atiord the means of an inland navigation : sucIb- 
appears to have been the case with the Deltas o^ 
the Nile, in Egypt; the estuaries of the Po,. 
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the lihiue, and the Rhone, on the continent' 'of 
Europe, and many other places. 

What length or time elapsed between the making 
of these simple canals for the purpose of irrigation 
and drainage, and the ascertaining that they pos- 
sessed the means of transporting commodities from 
one place to another, is uncertain ; but we are given 
to understand by Herodotus, in his book Euterpe, 
that in the reign of Moeris, or fire hundred years 
before the Trojan war, a rise of eight cubits inun- 
dated the Delta, so as to be navigable for boats, 
excepting the small artificial eminences whereon 
the towns stood. The same author says, (lib. ii.) 
that a canal was drawn from the Nile above the city 
of Bubasto ; that it passed around a mountain from 
the west to the east, and afterwards turned south to 
the Red Sea. He attributes its commencement to 
Necos, the son of Psammaticus, 616 B. C. ; but 

fives its completion to Darius Hystaspes, 521 B. C. 
t was four days' navigation, and four ships could 
pass abreast. 

Strabo agrees with Herodotus ; and says it was 
one hundred cubits in breadth, with depth sufficient 
to carry large vessels, (lib. i. and xvii.) He adds, 
that it terminated at the Arabic Gulf; and that in 
his time, the merchants of Alexandria found an 
outlet from the Nile in the Arabic Gulf, to go to 
India. And Omar-ebn-el-Kattab ordered Amrou, 
who had conquered Egypt, about the year 635, to 
open the canal from the Nile to Quotzoum, on the 
Red Sea, to convey the contributions in com into 
Arabia. Elkmaim informs us, that it was shut up 
again by the Caliph Abugia, or Almanzor, in the 
year 773. 

Wo are also informed, that in China, about 246 
B. C. the Prince Tsin-chi-koang, onstccount of the 
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wars and works he undertook, and the great con- 
sumption of his capital, made his subjects cany, 
night and day, from place to place, many million 
sacks of grain, thus making them mere beasts of 
burden. But that Han, who began to reign in 
202 B. C. caused canals to be made^ to carry rice 
and other grain from the provinces to the capital, 
so that all porterage was abolished. It was not till 
86 B. C. tnat these great works were completed. 
But the Great, or Imperial Canal in China, from 
the capital, Pekin, in the north, to the city o£ 
Canton, in the southern part of the empire, reckoned 
a distance of about 920 miles, is fiot continued to 
Pekin, Duhalde tells us in order that the porterage 
may employ the great population of that quarter ! 

So far back as the middle of the fourteeDtfa 
century, we read of some magnificent hydraulic 
works having been executed, even in the remote 
regions of India. In the district called the Punjab, 
or country of five rivers, artificial canals were con- 
structed, chiefly by Feroze III. about 1351, and 
who persevered in making these improvements for 
thirty-seven years. " The country between Delhi, 
upon the Jumuah (a branch of tne Ganges^ and 
the Punjab on the Indus, being frequently without 
water, this prince undertook to frimish a supply for 
the purposes of agriculture and inland navigation ; 
he tnerefore built the city of Hipai Ferozeh, about 
one hundred miles west of Delhi, and caused two 
canals to be drawn to it. He had previously made 
a canal from the Jumnah, near the northern hills, 
to Sufidoon, a royal hunting-place ; this canal was 
full sixty miles in length ; it passed by Canawl and 
Joglickpoor ; it was about four yards in breadth ; 
he afterwards extended it to Hipai, his new city, 
when it was altogether 114 mUes in length. About 
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1626, Shah Ischan made clear out that part which 
reaches from the hills to Sufidoon, and made a new 
canal from thence to Delhi, which is abodt sixty 
miles." 

The other principal canal was from the river 
Sutlege to the city of Hipai Ferozeh, thus men- 
tioned in Ferushta, translated by Dowe : — " He 
(Feroze) drew a canal from the Cagger, passing 
the walls of Sirsutti, and joined it to the river Kera, 
upon which he built a city, named after himself, 
Ferozabad ; this city he watered with another canal 
from the Jumnah ; these public works were of pro- 
digious advantage to the adjacent countries, by 
suppljring water for their canals, and a commodious 
water-^arridge from place to place." Besides these 
canals connected with Ferozabad, ^* there are similar 
works adjacent to Lahore on the southnsast bank of 
the river Hydroates of Alexander. This noble river 
has its source in the mountains near Nagerkote ; 
it enters the plains near Shapoor, or Rajapan ; and 
it is from this place the canal of Shem Nehr has 
been carried a distance of about seventy-three miles, 
to supply the city of Lahore with water." 

It is stated, that by the latter end of July, all 
the lower parts of Bengal, contiguous to the river 
Ganges and Burrampooter, are overflowed; and 
form an inundation more than one hundred miles in 
length, nothing appearing but villages and trees ; 
and that "it is calculated that dykes of above one 
thousand miles in length have been constructed, to 
protect one particular district. One branch of the 
Ganges, navigable only during rainy seasons, is 
conducted seventy miles between two of those dykes; 
and, when frill, passengers look down upon the 
country." 

We shall close this section of our historical de- 
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partment, with Count Platen's description of the 
novel and dangerous mode of passiiu^ rapids, on tlie 
rivers in Sw^en, Norway, and Finland, wluch 
cannot fedl to be interesting. — '* Very light and 
tender boats, of firom twenty to twenty-four fieet in 
length, containing from three to five men, run down 
the middle of the stream with incredible velocity. 
It produces a sensation impossible to be described, 
when, firom a steep rock on the shore^ one sees die 
boat approaching the cataract, two men pulling is 
the usual way with oars, and the pilot, who is iw- 
pointed and sworn for this business, steering at tne 
helm also with an oar. He, particularly, is not to 
be disturbed by any thing whatever: his loc^is 
steady and penetrating ; and even his hair, on bodi 
sides his head, is tied £Eist behind his neck, lest it 
might, by the motion of the wind, or by his rushin; 
through the air, wave before his eyes. The moment 
he reaches the edge of the fall, he animates his com- 
panions to pull with all their strength, in order to 
give his boat sufficient way for the action of the 
steerage; he then rushes down the tremendoos 
current, between steep rugged shores, and isolated 
masses of rocks, in tne midst of the fidls, and is 
frequently hid from the spectator by the foaming 
of tne broken roaring water ; in a moment he re- 
appears, running ^th incredible velocity right 
against a perpendicular rock, with all the probabi- 
lity of instant destruction, increased by his cries to 
augment the velocity by fresh efforts ; when, in the 
verv last moment, as the boat seems touching the 
rock, he casts it in a quite different direction, often 
at an angle of 90 degrees, and again disappears in 
the next curve of the stream. The whole of these 
operations is an affair of an instant, scarcely to be 
measured by time." 
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The Romans, having previously learned from 
the Carthaginians the art of making paved roads, 
would, in all probability, be the first who introduced 
any regular roads into Great Britain ; as the abor- 
igines, at the time of the invasion by CsBsar, were 
merely barbarians, living chiefly upon what they 
procured from the chase. The grasping policy of 
the Romans, it is apparent, was, after the subjuga- 
tion of the inhabitants, to lay the country open by 
these roads, to facilitate the transport of troops and 
supplies, in order to keep them in a state of subjec- 
tion. "The Roman roads," says Mr. Tredgold, 
"were made so firm and solid, that they have not 
entirely yielded to the dilapidations of fifteen cen- 
turies. These roads, (he states,) ran nearly in direct 
lines; natural obstructions were removed or over- 
come by the efibrts of labour or art, whether they 
consisted of marshes, lakes, rivers, or mountains. 
In flat districts, the middle part of the road was 
raised into a terrace. In mountainous districts, the 
roads were alternately cut through mountains and 
raised above the valleys, so as to preserve either a 
level line or an uniform inclination. They founded 
the road on piles where the ground was not solid ; 
and raised it by strong side-walls, or b^ arches and 
mers, where it was necessary to gam elevation. 
The paved part of the great military roads was 
sixteen Roman feet* wide, with two side ways, each 
eight feet wide, separated from the middle way by 
two raised paths two feet each." 

The following account of the construction of 
the Roman roads, is translated from the French 
Encyclopaedia, article Chemin^ and shows that this 
enterprising people only wanted a knowledge of 
Steam, and its application as a motive power, 

'* « The English foot is to the Roman foot as 1000 : WJ" 
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together with a knowledge of the modern evstem of 
manu£Eu;turing iron, to nave adopted railways.^ 
" They were commenced everywhere by two fiir- 
rows, measured by a string, these parallel lines de- 
ciding the width of the ros^ ; the intervening space 
was then excavated, and in this depth the severd 
layers of the road-materials were laid, the first beii^ 
a cement of chalk and sand an inch thick. On this 
cement, as a first coat, broad and flat stones, six 
inches high, were placed one on the other, and 
connectecl by a very strong mortar ; as a seccmd 
coat, followed a thickness of eight inches of small 
round stones, softer than the pebble, intermixed 
with tiles, slates, and the fragments of buildingff, 
all worked to an adhesive substance ; and as a 
third coat, a thickness of a foot of cement, made 
from rich earth mixed with chalk. These interior 
substances formed a road from three feet to three 
and a half feet thick, and upon this was placed an 
entire sur&ce of gravel, bound by a cement with a 
mixture of chalk. Tlus crust is still to be found 
perfect in several parts of Europe."* Indeed, theic 
are some remains of these Roman roads yet visible 
in Britain. At the city of Chester, the Castrum 
of the Romans, remnants of the old Roman pave- 
ment are frequently discovered, when the superin- 
cumbent soil, several feet deep, has been removed* 
In Scotland, a portion of Roman causeway may 
still be seen leading from Musselburgh Bay to the 
Frith of Forth. 

With the exception of these Roman roads, and 
the carriages employed thereon, " the width of the 
wheel-tracks not being more than three feet,"t (w*^ 

» Abstract of the report of Jog. Gibbs. Esq., addressed to the London* Yorl^j 
and Norwich committees of the Great Northern Railway Companyi '* 
inserted in the Railway Magazine, for Oct., 1835. 

f Rondclet, as cited in Tredgold« 2nd edit.« p. 7. 
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perhaps even these carriages were exclusively, or 
mostly, devoted to the purposes of war,) it appears 
that tne whole of the internal communication of 
Great Britain was, for centuries afterwards, effected 
by the employment of what were termed ** pack- 
horses," carrying their loads upon their backs, the 
roads being similar to sheep-tracks. Even at the 
mresent time, we find in the mountainous districts of 
Wales, and in the Highlands of Scotland, that the 
greater part of their commodities are transferred from 
one place to another by this mode of conveyance. 
From the works we have quoted in the succeeding 
diapter it will be seen that the next improvement 
in interior communication, was the substitution of 
wooden railroads for the common or military roads ; 
bat as that species of road is noticed there at 
greater length, it is here merely adverted to in 
duronologiod order. 

Canals. — *^ The total number of canals in Great 
Britain (says Mr. Hebert) is 103 ; the total extent 
2688 miles ; and the capital sunk in their con- 
struction is computed at upwards of thirty millions 
staling." Although these works are now prose- 
eated to so great an extent, the following paees 
^ show, that, after the art had been introduced l)y 
ibe Romans, it soon became obsolete, and was 
never revived to any extent until the middle of the 
last century. Consequently, the above length of 
cuial navigation was executed in about eighty years. 
" The Fobs Dyke Canal, supposed to have been 
originally made by the Romans, and restored under 
H^ury L is connected with the Witham at Lincoln. 
it Braybrook Mere it proceeds on one level eleven 
"^ to the bank of tne river Trent, at Forksay, 
•Iwut eight miles above Gainsborough. It is pre- 
yed at the same level by a lock, having gates 
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pointinjr in both directions. This is the oldest 
artificial canal in England ; but we are uncertain 
in what manner it was anciently connected with 
the Trent, or even that it did ever form such a 
connection." 

** The Car Dyke, which skirts the uplands fipom 
the river Nene at Peterborough, to tne Welland 
near Market Deeping, and from thence by Bourne 
and Billingham to the river Witham near Lincoln. 
It is a very ancient work, probably Roman. Its 
position leads us to think it nas been a catch-water 
drain, but it might also be used for the purpose of 
navigating through this great extent of country." 

In Scotland, at a very remote period, there 
appears to have been a canal made across the 
Island, from the vicinity of Inverness on the east, 
to the Sound of Mull on the west ; but it appears 
only to have been subservient to the purposes of 
contention and warfare. The passage alluded to 
runs thus: — "This extraordinary pass [the Great 
Glen] has excited public attention even since the 
time of the Romans. In the curious map by 
Richard of Cirencester, (composed in the fourteento 
century, and founded chiefly on Ptolemy's Tables,) 
a continued canal is represented along the whole 
of the valley between tne east and west seas. Of 
this, perhaps the most ancient of existing maps, a 
correct copy is inserted in the able memoir which 
accompanies Mr. Arrowsmith's excellent map of 
Scotland." 

The first attempt at canal making in England, 
in modem times, was in forming the Sankey orook 
into a canal, in the year 1755, — from the river 
Mersey, to near St. Helen's, in Lancashire, but 
which was not completed until five years afterwards. 

The Duke of Bridgewater's celebrated canal, 
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completed under the direction of the indefatigable 
Brindley, is well deserving of attention as the 
prototype of canal navigation in England. The 
ori^nal destination of this canal, was to convey 
cosds from the Duke's mines at Worseley to the 
town of Manchester, and for this, the Act of 32 
George II. was obtained; two other Acts were 
subsequently granted for extensions and alterations. 
" In 1795, by an Act, 35 Geo^e III., an exten- 
sion was made from Worseley IVfill to the town of 
Leigh, in Lancashire, with a branch to Chat Moss. 
Excepting eighty-two feet of rise by ten locks, in 
the distance of six hundred yards at Runcorn, the 
whole of the navigation, which is about forty-five 
miles, is upon one level, to which when we add 
eighteen miles of the Grand Trunk from Preston 
Brook, making sixty-three miles, besides what is 
underground m the Worseley coal mines, which 
cannot be less than ten miles, we have the extraor- 
dinary extent of seventy-three miles of canal 
navigation upon one level. Combined with this 
advantage, we may add that the Grand Trunk, 
and all the canals at Manchester, connected with 
the western sides of the ranges of mountains, which 
separate Lancashire and Yorkshire, finally dis- 
charge water into the Duke's canal, and tnereby 
insure a superabundant supply for all its purposes." 
We shall now present tne reader with a cursory 
view of some of the principal canals executed in 
Great Britain and Ireland. The first that we shall 
advert to, is the Grand Trunk or Staffordshire 
canal, which forms a communication between the 
Trent and the Mersey ; and thus connects the 
German Ocean with the Irish Sea. From the 
eastern commencement of this canal, to its junction 
with the Duke's at Preston Brook, is a distance of 
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ninety-three miles, and including its (Grand Junc- 
tion^ branches, will make a total length of canal 
navigation of 160 miles. 

Leeds and Liverpool Canal. — The western com- 
mencement of this canal is at the river Mersey, 
near the latter place, and its other terminus is in 
the Aire and Catder Navigation at Leeds ; a total 
distance of 130 miles. The rise from low water in 
the Mersey to the canal basin, is fifty-two feet ; 
and thence to the summit, near Colne, is 431 feet. 
From the summit to the easterti termination of the 
canal the &M is 410 feet. The locks are for boats 
seventy feet long, with fourteen feet beam ; and the 
depth of water in the canal is fifty-four inches. 
The great tunnel of Foulridge is 1630 yards long, 
eighteen feet high, and seventeen feet wide. 

The Lancaster, or Northern Canal, commences 
near Wigan, and proceeds north, passing Garstang, 
Lancaster, &c., crossing the river Ribble and valley 
in its course, and terminating at Kendal in West- 
moreland. Its length is about seventy-six miles, 
forty-two of which are upon one level. Near to 
Lancaster, the navigation is conveyed over the river 
Lune by an aqueduct of 217 yards in length, con- 
taininfi^ five semicircular arches of seventy feet span. 
The piers are thirty feet in height, ana supported 
upon piling ; they (the piers) are twenty-seven 
feet in br^idth at the bottom, and diminish by 
regular offsets to about half that breadth at the 
springing of the arches. The total height of 
masonry upon the piling is eighty feet. 

The Thames and Severn Canal is 109 miles in 
len^h, from where it commences in the river at 
Stames to its termination at Lechlade, on the 
confines of Berkshire and Oxfordshire, where it 
crossed the central ridge of the island, by the great 
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Sapperton tunnel of two and a half miles in length ; 
ana then descends into the Stroud-water canal, in 
GloQcestershire : the latter navigation communica- 
ting with the river Severn, and ultimately with St. 
George's Channel. The locks upon it are in 

feneral 120 feet long, by 18 feet wide; and the 
epth of water in the canal is forty-six inches. 
Ghrand Junction Canal. — The general route of 
this undertaking is north-west, Uirough a part of 
the counties of Middlesex, Hertford, Buckingham, 
Bedford, and Northampton. The main Ime is 
ninety-five miles in length, and its branches are 
nearly thirty, making a total length of about one 
huncued and twenty-five miles. The canal com- 
mences in the Thames, at Brentford; and its 
northern terminus is at Northampton, where a 
branch five miles in length is made up to that 
town, it passes through Blisworth and Braunston 
tunnels ; tne former being one and three quarter 
miles long ; eighteen feet nigh ; and sixteen and a 
half feet wide : and the latter, two thousand and 
forty-five yards in length, containing a sectional 
area similar to that of Blisworth. The canal is 
twelve yards in breadth, at the top of the water ; 
eight at the bottom; and contains a depth of 
water of fifty-four inches. The locks are eighty- 
five feet in length ; and their width fourteen feet 
six inches. 

The Ellesmere Canal, in Shropshire, is also 
deserving of especial notice, as containing some 
works of very great magnitude. This stupendous 
undertaking, bv means of a large aqueduct and 
embankment, is conveyed across the romantic 
valley of the river Dee, at Pontcysylite, near the 
bottom of the celebrated valley of Llangollen. 
The aqueduct is one thousand feet and upwards in 
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length ; and one hundred and twenty-seven feet in 
height above the surface of the river Dee. It 
consists of nineteen segmental cast-iron arches, 
upon stone piers. The span of the arches is forty- 
five, and tneir versed sine or height seven feet. 
The centre piers, at the level of the surface of the 
river, are twelve feet in breadth ; and the whole 
diminish regularly to seven and a h^lf feet, at the 
spring^g line of the arches. The embankment is 
five hundred yards in length ; and seventy-five 
feet in height, at the end contiguous to the 
aqueduct. At Chirk, the navigation is carried 
along an aqueduct of two hundred yards in length ; 
and sixty-five feet in height, from the bottom of 
the ravine to the bed of the canal : it contains ten 
semicircular arches of about forty-five feet span ; 
and from the foundation of the main piers to the 
top of the parapets, the height is ninety feet. 

Scottish Canals. — At the eastern extremity 
of Aberdeenshire, commences the extraordinary 
Valley of Glenmore, or the Great Glen of Scot- 
land. The eastern portion, for about eighty miles 
from Kinnaird's Head to where it contracts at Fort 
George, is termed the Murray Firth; and for 
about twelve miles to Inverness is also tideway. 
From thence across the island to Fort William, on 
the shore of Loch Eil, (an arm of the Western 
Ocean) the valley is formed by two parallel ranges 
of very high mountains, and is occupied by an 
almost continuous line of lakes, nearly from sea 
to sea. 

^^ Considering the facilities afforded by the lakes, 
and that it was desirable to accommodate the trade 
between the western parts of England and Scot- 
land, and all Ireland ; the eastern coast of Britain, 
the Baltic, and East Country ; and also between 
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the east coast of Scotland and the West Indies ; 
and likewise to pass small ships of war, Mr. Telford 
recommended, and the Board [for constructinfir the 
Caledonian Canal] adopted, a canal upon a Tar^e 
scale, viz. one hundred and twenty feet wide at tne 
water surface ; fifty feet at the bottom ; and twenty 
feet depth of water : the locks of one hundred and 
seventy and one hundred and eighty feet in length, 
and forty feet wide ; these dimensions bein^ suffi- 
cient both in sinele and united locks, to admit of 
the largest vessels trading between Liverpool and 
the Baltic, the average of West Indiamen, and a 
thirty-two gun frigate when fiiUy equipped." 

The eastern extremity of the Caleaonian Canal 
is connected with the tideway in the sheltered bay 
of Loch Beauly. In order to have twenty feet of 
water on the lower sill at high water, in ordinary 
neaps, (which rise there about eight feet, and 
ordinary springs about fourteen feet) it was neces- 
sary, from the flatness of the shore, to place the 
tide-lock about four hundred yards from high water 
mark. From this lock the canal is formed by 
artificial banks, until it reaches hieh water mark at 
Clachnacarry, where another lock is placed upon 
hard ground. Immediately to the south of tnis, 
there is a basin or floating dock, 967 yards in 
length, and 162 in breadth ; with a wharf at the 
upper end, for the trade of Inverness and the 
adjacent country. At the southern extremity of 
the basin is a public road bridge ; and adjacent to 
it, are four united locks, each 180 feet long and 
forty feet wide, which, together, raise the canal 
thirty-two feet. From the top of these locks 
the navigation is carried through a small lake, 
to Loch Ness; a beautiful sheet of water about 
twenty-two miles in length, from one to one 
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and a half miles in breadth, and having a depth 
vaiying from five, to one hundred and twenty-nine 
fathoms. At the south end of Loch Ness, stands 
the fort and village of Fort Augustus. On the 
northern side of the fort, the cansu leaves the lake, 
crosses part of the glacis, and ascends forty feet by 
five locks. From thence it passes, by means of 
two locks, on to Loch Oicn, which forms the 
summit level of this navigation, ninety-four feet 
above the tideway. The river, which flows through 
the extensive valley of Glengarry — passing through 
two lakes, one ten, the other six miles in length — 
falls into Loch Oich, which insures an ample 
supply of water. Along the middle isthmus, there 
is some extensive cutting of forty feet in depth ; 
and also two locks, which carry the canal forward 
to Loch Lochy. From that lake to the tideway at 
Loch Eil, the canal passes over a rugged surface 
intersected by one considerable river and various 
small streams, all of which require aqueducts to 
pass the mountain torrents. Within one mile of 
the eastern extremity of Loch Eil, there are eight 
connected locks, of one hundred and eighty feet 
in length each, which together descend sixty-four 
feet ; from thence a level is continued to Corpach 
shore, where there are two connected locks, falling 
fifteen feet ; and one single sea-lock, falling ninety- 
three inches, which enters the tideway of Loch 
Eil, and forms the western terminus of the canal. 
From this haven, down Loch Eil to the Strait of 
Ardgower, a distance of nine miles, the inlet is 
about a mile in breadth, at which latter place it 
contracts one-half. Passing this strait onward 
south-west, the inland navigation enters the Sound 
of Mull, where it falls into the general track of 
shipping, passing by the Orkneys and Cape Wrath. 
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That great sound, therefore, is reckoned the western 

termination of this line of communication ; which 

not only lessens the distance one half, but is free 

from the dangers and delays, to which the above 

drcoitous voyage by the Orkneys, is subjected. 

Forth and Clyde Canal. — Tms line commences 
at Grangemoutn, on the river Carron, near its 
junction with the Forth, and passes by the west of 
Falkiric, to the eastern terminus of the summit level, 
a distance of ten miles, having ascended 156 feet, by 
twenty locks ; it then continues on this level to the 
dty of Glasgow ; passing the Kelvin by an aque- 
duct of one hundred and fifty yards in length, con- 
taining four s^mental arches of seventy feet 
span. About three miles below Glasgow, a branch 
of nine miles in length diverges to ue Clyde, de- 
scending into the nver by nineteen locks. The 
distance between Grangemouth and its termination 
in the Clyde, is thirty-five miles. 

The Union, or Ecunburgh and Falkirk Union 
Canal, proceeds from lock, No. 16, or the fourth 
below tne eastern terminus of the summit level of 
the preceding canal, and ascends one hundred and 
ten feet by eleven locks ; it then continues at this 
level for thirty miles to the City of Edinburgh : 
the distance between the latter city and Glasgow, 
by this and the foregoing canal, is about forty-five 
nules. 

Irish Canals. — The principal lines of this 
species of communication in Ireland, are the Royal 
and Grrand Canals. The former extends from 
Dublin, westward to the Shannon; commencing 
on the north side of the Liffey, by a sea-lock, one 
hundred and sixteen, by twenty-seven feet. ^^ From 
thence the canal has six feet water, twenty-four 
feet bottom, and forty-four width at sur&ce ; in 
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one and a half miles it rises sixty-two feet by four 
locks, to the broad-stone level, where there is a 
large harbour for the use of the city. From thence, 
in eifi;hteen miles, there is a further rise of one 
hundred and seventy-five feet by fourteen locks. 
The level is then sixteen miles in length ; then 
eight locks in five and a half miles rise seventy feet 
to the summit level, which is three hundred and 
seven above the sea : this summit is twelve miles 
in len&^th to Coolnahay, communicating by a na- 
vi^ab^ river at Mullingar, with Lough Owell, 
which is the chief reservoir for this navigation. 
From Coolnahay, the canal descends by fifteen 
locks, in twenty-two miles, to the Shannon, at 
Tarmonbarry, in the county of Longford." 

The eastern terminus of the Grand Canal is in 
the Liffey, near its mouth : the canal passes near 
the city of Dublin to James' Street harbour, and 
then proceeds westward to the Shannon near Ban- 
nagher. Including its branches to the river Bar- 
row and other places, it comprehends, in the aggre- 
gate, a length of one hundred English miles. Its 
route is nearly parallel to the preceding canal, and 
seldom ten miles distant. The summit level is 
240 feet above the sea, and 160, above the Shan- 
non. There are five double, and twenty-nine 
single locks, between Dublin and Tullamore : ten 
from thence to the Shannon. On the Barrow line, 
there are ten single and two double locks. The 
dimensions of the canal are as follows : — width at 
bottom, twenty-five feet; at the water surface, 
forty feet; depth, seventy-two inches, and sixty 
inches on the lock sills. Length of locks, seventy 
feet; width, fourteen and a half; and the average 
rise and fall, nine feet. 

The foregoing account of the ancient canals is 
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extracted from the Edinburgh Encvclo))8edia, art. 
Navigation Inland, where the reaaer will find an 
elaborate account of the internal communications 
of almost every country, there being upwards of 
one hundred quarto pages devoted to that subject ; 
and which will well repay perusal. Part of our 
information relative to the British and Irish canals, 
is from actual measurement; and the remainder 
from the above standard work. 

Canals havinc^ been constructed to such an ex- 
tent during the mst century, of course ample time 
has elaps^ fully to develope their capabilities. On 
the other hand, there was no railway executed, to 
evince the extraordinary latent resources of Stbam 
for the purposes of locomotion, until the great 
competition took place on that stupendous under- 
taking, the Liverpool and Manchester Railway, 
ten years ago. The latter mode of communication, 
therefore, can only be understood to be in a compa- 
rative state of embryo : yet even in this condition, 
its superiority over floating conveyances is un- 
questionable, possessing, as it does, both facility 
and economy. 

The followinfi^ £eu!t is singularly demonstrative, 
and will exemplify the extraordinary power already 
attained on railways in facilitating commerce.— 
'^ A gentleman left Manchester in the morning, 
went to Liverpool, thirty miles off, purchased and 
took back with him to Manchester on the railroad 
one hundred and fifty tons of cotton. This he im- 
mediately disposed of, and the article being liked, 
an offer was made to take another such quantity. 
Off he starts again, and actually that evening de- 
livered the second one hundred and fifty tons, 
having travelled one hundred and twenty miles in 
four separate journeys, and bought, sold, and dcliv- 
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ered thirty miles off at two distinct, consecutive 
deliveries, three hundred tons of goods in about 
twelve hours! We simply ask the opponents of 
railways, with their darhng * things as they are% 
could they do so? We may indeed truly say, 
that if the excellence of our common roads has 
been the body, good, well-constructed railroads will 
be the soul of our national prosperity."* 

It has been clearly demonstrated, that the re- 
sistance to the motion of carriages on railroads 
increases simply as their velocity, while on fluids 
it increases as tne square — or as some affirm — the 
cube of the velocity : the resistance of the atmos- 
phere equally affecting both modes of transit. 
Now, without wishing to disparage canals, on ac- 
count of the occasionsd long interruptions to which 
they are liable durinj? winter, we must acknow- 
ledge that the law of resistance militates greatly 
lu^amst speed in fluids, and cannot feel surprised 
that, in this commercial nation, where time and 
certainty are so important as to be frequently pre- 
ferred even at an increased rate of tonnage, canal 
navigation has been superseded by railroads, as the 
principal means of internal communication through- 
out the kingdom — indeed, almost throughout the 
continents of Europe and America I 

Moreover, canals, on account of their peculiar 
construction — ^having either to be level, or a series 
of levels — do not admit of that great facility of 
ascent and descent peculiar to railways ; especially 
if the traffic is all to be conveyed in one direction 
only, (of which kind of roads there are many,) 
and where the gravitating force, when judiciously 
employed, decreases the cost of transit considerably, 
as IS subsequently explained, (p. p. 80 and 87.) 

* Raihoay Magazine, Marcbi 1836| p. 4. 
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But, in level districts, for the purposes of trade 
not limited to time, or for the passing of ships 
from sea to sea, canals probably may still be re- 
sorted to ; yet they must always be applied exclu- 
sively to such locations, and uses; as the raising of 
boats to great changes of level, is (by our own 
experience) both dilatory and expensive, and pecu- 
niarily considered, verges closely on prohibition ; 
foTf although on some of the canals previouslv 
enumerated, great altitudes are surmounted, it is 
accomplished only by immense consumption of 
time, expenditure of capital, and sacrifice of re- 
venue. 

** When a very slow rate of travellins^ is consi- 
dered, (observes Dr. Lardner,) the useful effects of 
horse power, applied on canals, is somewhat greater 
than the effect of the same power applied on rail- 
ways ; but at all speeds above three miles an hour, 
the effect on railways is greater; and when the 
speed is considerable, the canal becomes wholly 
inapplicable, while the railway loses none of its 
advantages. At three miles an hour, the per- 
formance of a horse on a canal and a railway is in 
the proportion of four to three to the advantage of 
the canal; but at four miles an hour his per- 
formance on a railway has the advantage in very 
nearly the samejproportion. At six miles an hour, 
a horse will perform three times more work on a 
railway than on a canal. At eight miles an hour, 
he will perform nearly five times more work."* 

It is out fair to state, that according to recent 
experiments, a great change has been effected in 
the opinion of scientific men relative to the resist- 
ance of fluids ; namely, that at a certain velocity, 
the boat rises in the water, and a consequent dimi- 

• The 8teom Bngitu, 6Ui edit. p. 338. 
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nution of immersion and resistance takes place. 
And by the experiments of Col. Reid, it appears, 
that by shaping the vessel according to the rate 
that she has to ply, the resistance is still further 
reduced ; but how far these improvements are ap- 
plicable in practice, is yet to be ascertained. 

Turnpike roads, as a means of conveyance, are 
yet sometimes preferable either to railroads or 
canals, on account of the comparative trivial ex- 
pense incurred in their formation : hence a less 
quantum of tonnage suffices to repay the interest of 
tne capital invested. — It is estimated that there are 
upwards of twenty thousand miles of turnpike road, 
and one hundred thousand miles of common hard 
roads, completed in England. There is, however, 
a wonderful difference of opinion relative to their 
construction between Mr. Mac Adam, the popular 
road-maker, and others equally competent to form 
sound opinions : but such controversy being foreign 
to our present purpose, we shall not enter upon the 
subject. 

In the latter part of the sixth chapter we have 
introduced some tables respecting the resistance to 
the motion of carriages upon different kinds of 
roads, with their corresponding expense of transit.* 

The subjoined extract, from the report quoted in 
the eighth page, is very conclusive with respect to 
the capital embarked in railroads being ultimately 
compensated. ^^ It becomes a natural question, if 
the present turnpike roads are inefficient, and their 
income inadequate to their maintenance, what pros- 
pect does the introduction of railways give for a 
fair remuneration to those who embark their pro- 
perty in establishing them? Happily, the reply 
is simple, and easily understood by all. Friction 

• Vide pp. 103, 104, and 106. 
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and gravity are the great absorbents of the impul- 
sive power employed upon both railways and 
turnpike roads ; and the original cost bestowed to 
render the railway nearly horizontal, and the intro- 
duction of the smooth and hard surface upon 
railways, instead of the soft gravel used for tum- 

f>ike roads, reduce this gravity and friction to the 
east possible amount. The great difference of 
motive power reauisite to overcome the gravity and 
friction upon railways, and upon turnpike roads, 
constitutes a savmg which of itself wiU answer 
the question." 

These important advantages of railways, were 
foreseen some years ago, by Dr. Thos. i ounge ; 
for he concludes his notice of them in these remark- 
able words : — ** It is possible, that roads paved 
with iron, may hereafter be employed for the 
purpose of expeditious travelling, since there is 
scarcely any resistance to be overcome, except 
that of'^ the air ; and such roads would aJlow the 
velocity to be increased, almost without limit."* 

It anords us great pleasure to be able to state, 
that the opinions entertained by many, respecting 
the dreaded ill consequences of having railroads 
famng through agricultural districts, have proved 
groundless. And further, that it is now very rarely 
mat we observe land contiguous to railroads, 
whether near towns or in the country, advertised 
for sale or to be rented, but the advantages conse- 
quent on its propinquity to the railroad rorm a pro- 
minent feature in each advertisement. 

We may also mention that the early prejudices 
relative to the introduction of the railway system 
are &st declining. We now scarcely ever read of 
a compensation-case for land coming before a jury 

* Nat Phil. vol. 1, p. 219, 1807- 



24 INTERNAL COMMUNICATION. 

but the railway company are victorious ; indeed it 
is but just, after a company have made a liberal 
offer — ^which is generally done in the first instance 
— that it ought to be justly entertained, and not 
become subject to the exorbitant claims of any 
capricious landowner. 

Various have been the schemes resorted to, to 
impose upon railway-companies, prior to their 
commencing operations ; but the Mowing state- 
ments of unprecedented gross imposition deserve 
recording, in order to remind us now careful we 
ought to be, when deliberating on the access and 
deterioration of land, caused by its severance. The 
two cases in question are extracted from Messrs. 
Lecount and Koscoe's graphic Description of the 
London and Birmingham Railway. 

** In one portion of the line, on the Birmingham 
division, some land was passed through in such a 
way that it was evident the proprietor required, in 
reality, no accommodation in the way of bridges 
at all. At the first outset, however, he demanded 
five bridges ; but, in the course of the discussion, 
came down to four, with an equivalent in the price 
of the land. It was absolutely necessary to obtain 
the land, or the contractors would have been stopped 
in their operations, so that, after a great deal of^ar- 
gument, the company was forced to submit to this 
enormity, and the agreement was signed, sealed, and 
delivered, guaranteeing to the proprietor a bridge 
at A, another at b, another at c, and another at d. 

Soon after the money had been received, the 
proprietor wrote to say, he thought he could dis- 
pense with a bridge at a, and if the company 
would give him about half its value he would do 
without it : of course as this would save expense 
it was agreed to, and bridge a done away with, the 
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proprietor receiving about half what it would have 
cost in building. 

When this quantity of hard cash had been a 
little time warmine in his pocket, he discovered he 
could do without bridge b, and offered to commute 
that with the company on the same terms as bridge 
A. This being agreed to and paid for, he in suc- 
cession found out that he could dispense with 
bridges c and d on exactlv the same terms ; and 
thus every bridge he had so pertinaciously de- 
manded, were one after the other lound to be totally 
unnecessary, as every body knew very well at first; 
bat it is to be supposed that he found it a very 
Qgreeable way of getting a few cool hundreds ; at 
any rate such are the facts — he has been paid for 
all the four bridges, none of which have been built." 

The second case alluded to is as follows: — *^One 
rather original character sold to the company some 
land, and was loud and lonc^ in his outcries for 
compensation, ringing the changes on all sorts of 
damages which the rulway could not fail of bring- 
ing upon him. Well, his demand was paid and his 
complaints were stopped. A few months after- 
waros, a little additional land was wanted from the 
same individual, when, surprising as it may appear, 
bf some adjoining parts of this land so deteriorated 
by the railway, on whieh the company's works had 
brought fuch instable destruction, and for which 
reason so high a sum had been paid, he actually 
reouired a much larger price than was given him 
before, and on the company expressing the surprise 
which was natural on neaxing such a demand, he 
very coolly replied, * Oh, I made a mistake then 
in thinking the railwav would injure my property ; 
it has increased its value, and of course you must 
pay an increased price for it.' " 
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CHAPTER II. 

PROGRESS OF RAILWAYS. 

Introduction of the principle of Railroads— '* Way Leaves'* introduced— 'Pri- 
mary Railroads— Origin of "Single" and ** Double- way"— Wooden RaiW 
roads— Invention of Cast and Malleable Iron Rails— Tram Roads— Cast Iron 
Edge Rails— Stone Blocks introduced— Malleable Iron Square Bar»— Mallea' 
bie Iron Eklge Rails— Railways, &c. 

History informs us, that the principle of railroads, 
and the reducing of friction, was understood at a 
very remote penod. At the memorable siege of 
Constantinople, the genius of Mahomet conceived 
the bold design of transporting his lighter vessels 
by land for a considerable distance from the Bos- 

f)norus to the higher part of the harbour. "A 
evel way," says Gibbon, " was covered with a 
broad platform of strong and solid planks ; and to 
render them more slippery and smooth, they were 
anointed with the fat of sheep and oxen. Four- 
score light galleys and brigantines, of fifty and 
thirty oars, were disembarked on the Bosphorus 
shore, arranged successively on rollers, and drawn 
forwards by the power of men and pulleys." 

We shall now literally transcribe the descriptions 
given by our ancestors of some of the primary 
railroads, or as they have been aptly termed " Bri- 
tish roadways," for it cannot but be interesting to 
know that those primitive wooden railroads were 
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the origin, however rude, of all those truly maff- 
iiificent lines of inland transit now ramifying m 
almost every direction. Although it is extremely 
difficult to say from whom the nrst idea of a rail- 
road emanated, the honour of bringing it to the 
present comparative state of perfection, may un- 
questionably be ascribed to the British nation. 

The precise date when railroads were invented 
or first mtroduced into Great Britain, is rather in- 
volved in obscurity. It has been very justly re- 
marked that in all probability they would be first 
introduced where the goods were of a peculiar 
nature, the quantity considerable, and conveyed to 
one place only, along roads not of the best descrip- 
tion ; or perhiaps we may suppose that the layimr 
down tiiAberln the wo»t p^ of the roJI to 
support the great weights continually drawn upon 
it, suggested the idea of laying wooden rails the 
whole distance. 

It may be conjectured that the first railroad in 
England would be formed in the north, wherever 
the greatest expense was incurred by leading coals 
from the pits to the place of shipment, by common 
carts, or pamiiers on horseback--their only mode 
of conveyance until the year 1600. A record, in 
the boolu of one of the free companies of New- 
castle-upon-Tyne, dated 1602, states, ^^ that from 
tvme out of mynd yt hath been accustomed that 
all cole-waynes did usually carry and bring eight 
baulls of coles to all the staythes upon the ryver 
of Tyne, but of late several have brought only, 
or scarce seven baulls.'' 

It also appears that ^' way-leaves" were granted 
for the transit of coal two and a half centuries 
prior to the above date, but, of course, it would 
then be carried upon the backs of anim^ils. ^' In 
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every period of the history of coal miniog in 
the north, these < way-leaves have formed an im- 
portant item of expenditure or covenant. < S9^ 
dens ckinUnum' occurs in the latter sense in a lease 
to the prior of Durham in 1354. CkimimMm is a 
term often met with in grants of property to 
monasteries, and implies a rirht of road to or 
through the lands appropriated. '* 

In Grray's Chrarographiei^ published at New- 
castle, in the year 1649, the manner of oonveying 
coals from the pits to the river Tyne, is thus d^ 
scribed. <^Many thousand people are employed 
in this trade of coals : many uve by wcnrking them 
in the pits: many live by oonveying them in 
waggons and waines to the river Tyne." In the 
same work it is stated that Master Beaumont, a 
south country gentleman, ^< of great ingenuity and 
rare parts, adventured into our mines with his 
£30,000, who brought with him many rare engines 
not known then in Uiose parts, as — ^tne art to boore 
with iron rodds, to try the deepnesse and thicknesse 
of the coale ; rare engines to draw water out of 
the pits ; waggons with one horse to carry down 
coales from t£e pits to the staythes, to the river." 
From which it would appear that Mr. B. would 
probably be the first who introduced waggons, and 
perhaps <^ waggon-ways," as they were then 
termed, into the north. 

Lord Keeper Guildford, who was upon the 
northern circuit in 1676, thus describes the wag- 

Sms and the waggon-ways : — ^^ The manner of 
e carriage is by laying rails of timber from the 
colliery to the river, exactly straight and parallel ; 
and bulky carts are made, with rollers fitting those 
rails, whereby the carriage is so easy, that one horse 

* Fottil Fnel,, th' CvNitHa and Coal Trade, page 349. 
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will draw down four or five chaldron of coab, and 
is an immense benefit to the coal merchants/' 

The following description of the formation of 
railways is given in Jcu^s Foj^es Metulhtrgiquesj 
in 1765. — ^< When the road has been traced, at six 
feet in breadth, and where the declivities are fixed, 
an excavation is made of the breadth of the said 
road, more or less deep, accordii^ as the levelling 
rf the ground requires. There are afterwards ar- 
ranged, along the whole breadth of this excavation, 
[Neees of oak wood, of the thickness of four, five, 
six, and even eight inches square : these are placed 
aoross, and at die distance of two or three feet 
from eadi odier ; these pieces need only be squared 
at their extr»nities ; and upon these are fixea other 
pieces of wood, wdl squared and sawed, of about 
six or seven inches breadth by five in depth, with 

Sr& of wood; these pieces are placed on each 
e of the road, alonj^ its whole length ; they are 
commonly placed at four feet distance from each 
other, wnich forms the interior breadth of the 
road." 

This kind of road was termed the ^^ single-way," 
bat was very imperfect, and destroyed quantities of 
timber on account of breakage, aner being partly 
wicNrn by the wheds of the waggons, and the fi:e- 
mie&t perforatioDS near the en<u of the sleepers, in 
ostening down the rails. This destruction of tim- 
ber, it may naturally be supposed, would cause 
many attempts at amelioration, and, probably, the 
admim of another rail upon the surface of that one 
which was jGMtened to the sleeper, was the next 
imnrovement, which was afterwards termed the 
** wnble-way/' 

The subjoined figure represents a side elevation 
of die modem double wooden railway, a a are the 
nfls fitttened down upon the cross sleepers bbb^ 
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similar to those of the single-way, which it also 
represents ; c c the upper rails laid upon the other, 
and firmly secured to them by wooden pins, in the 
same manner as the other are fastened to the 
sleepers. In the single-way, the joinings of the 
rails are necessarily upon a sleeper, as shown at d; 
but in the double-way it is not so, for, beinff 
fastened down upon the surface of the under rail, 
which presents a continuous bearing, they can be 
secured an3rwhere along it ; e e shew the joinings 
(tf the upper rail, midway between the cross sleepers, 
but they may be varied according to the upper 
lengths of timber. This prevents the under rail 
from being destroyed by the frequent perforation 
of the pin-noles in receiving the upper or wearing 
rails, and saves the waste of timber occasioned by 
the use of the single-way. 



a. \d CL 
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The sleepers, or transverse bearers, in this de- 
scription of road, were ffenerally formed of young 
sapUngs, or strong branches of the oak, obtained by 
thmning the plantations. They were six feet long, 
containmg a sectional area of about thirty inches. 
At their first introduction the under rail was of oak, 
and afterwards of fir, mostly in six feet lengths, 
and about five inches square, reaching across three 
sleepers, each two feet apart. The upper rail was 
of tne same dimensions, and generally made of 
beech or planetree. The surmce of the ground 
being formed pretty even about two yards in width, 
for the whole length of the intended " waggon- 
way," the sleepers were then laid down two feet 
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apart, and the under rail properly secured to them. 
The ashes, or material forming the surface of the 
ground, were then beat firmly against the under 
%\ubce of the rails, which were tnus strengthened 
and made more rigid. The upper rail was then 

t laced upon the lower one, and firmly bound down 
y wooden pins. 

This comoination had many advantafi^es over the 
ungle rail ; for, in the use of tne latter, independent 
of the waste of timber before alluded to, the destruc- 
tion of the cross-sleepers by the feet of the draught 
horses was considerable. The double rail, by in- 
creasing the height of the surface whereon the car- 
riages travelled, allowed the inside of the road to 
be filled up with ballast to the top of the under 
rail ; — thus, there were about six inches in depth 
of ballast upon the cross sleepers, which secured 
them against the propulsion of the horses' feet. 
This description of road continued in use for a 
considerable period of time, in various parts of the 
island, but especially amongst the collieries of 
Durham and Northumberland. 

The next improvement in railroads, says Mr. 
Hebert, was the substitution of iron for wood, 
which alone enabled the horse to take double his 
previous load. This change was not first introduced 
at Newcastle, as is generally supposed, but at the 
iron-works of Colebrook-daie, in Shropshire, about 
the year 1767. Our authority for this statement, 
continues Mr. H., is derived from the reports of a 
committee of the House of Commons, on the sub- 
ject of roads and carriages. It occurs incidentally 
m a letter to the committee, from the ingenious 
Hornblower, the rival and contemporary of the 
celebrated Watt, who observes — "railways have 
been in use in this kingdom, time out of mind, and 
they were usually formed of scantlings of good 
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sound oak, laid on sills or sleepers of the same 
timber, and {nnned together with the same stuff. 

But the proprietors of Colebrook-dale Iron 
Works^ a very respectable and opulent company, 
eventually determined to cover these oak rails with 
cast iron, not altogether as a necessary expedient 
of improvement^ but in part as a weUrdigestei 
measure qf economy ^ in support qf their trade. 
From some adventitious circumstances, (which I 
need not take time to relate,) the price of pigs 
became very low, and their works bemg of great 
extent, in order to keep the furnaces on, they 
thought it would be the best means of stocking 
their pi^ to lay them on the wooden railways, as 
it would help to pay the interest by reducing the 
repairs of the rails ; and, if iron should take any 
sudden rise, there was nothing to do but to take 
them up, and send them awav as pigs. 

But these scantlings of iron (as I may call 
them) were not such as are now laid in some 

E laces ; they were about five feet long, four indies 
road, and one inch and a quarter thidc, with three 
holes, by which they were festened to the rails, 
and very complete it was, both in design and 
execution."* But, antecedent to the above date, 
(1767,) malleable iron was used in the north. It 
was fastened upon the timber lines by plate-nails, 
in order to reduce the friction thereon ; and was 
much used where the roads were of OTeat curvature. 
About the year 1776, cast iron plates having an 
upright ledge, were invented by Mr. Curr, and 
introduced into the mines of the Duke of Norfolk, 
near Sheffield. They were at first called plate- 
rails, but are now usually termed tram-plates, 
owing to their being used for trams to run upon. 

**' Engineer^ and Mechanic** Enepcloptsdia.** art. Railways ; where will be 
found, ample Infonnatlon relative to the recent improvementa which have 
l)een eflteted In railroads, and the carriages employed thereon. 
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Edge-Rails. — The precise time, or bv whom 
those rails were first introduced, does not distinctly 
appear. But in the year 1789, Mr Jessop formed 
tbe public railroad at Loughborough, in Leicester- 
shire, with cast iron edge-rails.; the upper surface 
of which was elliptical. The wheels of the car- 
riages being provided with proper flanges to guide 
them, when rolling along the tracks oAhe road. 

Stone Blocks for supporting the iron rails, were 
Qriginally introduced by Mr Barnes, in the year 
1797, when forming the railway from Walker col- 
Kery, to the river, near Newcastle-upon-Tyne. 
The stone was procured at Lawson Main Quarry. 

About the year 1805, malleable iron rails were 
tried at Walbottle Colliery, near Newcastle-upon- 
Tyne ; the rails were square bars, two feet in length, 
jomed together by a half-lap joint, with one pin ; 
one end of the rail projecting beyond the end of 
the adjoining one, two or three inches. Their use 
was not at that time extended ; their upper sur&ce 
being too narrow, cut the periphery of tne wheels, 
and they were supersedea by cast iron rails of 
greater breadth. 

According to the statement of Lord Carlisle's 
agent, Mr Thompson, malleable iron rails were 
used at his lordship's coal-works, on Tindale Fell, 
Cumberland, in the year 1808 ; and it appears 
from him, that they had given general satisfaction. 
For afiter having been ^^ laid down for sixteen years, 
there was no appearance of lamination," and that 
" the rails then appeared very little worse." 

Malleable Iron Edge Rails. — Previous to 
the year 1820, Malleable Iron was only used in 
bars of from two to three feet in length, either flat 
or in bars, from one to two inches square. They 
were productive of much injury to the periphery 

F 
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of the wheels, owing to their narrow surface, and 
if made of greater breadth, and sufficient strength 
for the carriages to roll alone with safety, their ex- 
pense became much greater man those of cast iron^ 
which made the latter preferred. To remedy these 
defects, and reduce the number of joinings, &c., Mr. 
Birkenshaw, of the Bedlington Iron iVorks, ob- 
tained a patent in October, 1820, for making mal- 
leable iron edge rails, in leng^ths of about eighteen 
feet each, similar in shape to the cast iron ones 
then used. They were tnen made, as at present, 
by passing the bars, when hot, through rollers 
having indentations or grooves in their peripheries, 
corresponding with the mtended shape of the rails. 

Railways. — It would appear that the first pub- 
lic railway company was mstituted at Lougnbo- 
rou^h, in the year 1789, for the purpose of making 
a railway a few miles in length ; but the first pub- 
lic railway company that prosecuted their worKs to 
any extent, was that enterprising body the Society 
of Friends, who successfully completed that stu- 
pendous undertaking the Stockton and Darlington 
railway— then unrivalled — and which first stimu- 
lated British genius to contemplate the forming 
such gigantic works as have, since that time, been 
triumphantly effected, despite of all interested, and 
for a length of time, preponderant opposition. 

The len^ of die Stockton and Darlington 
railway, including its branches, is fifty miles; and 
there has been a capital of about four hundred and 
fifty thousand pounds expended in its formation. 
The utility of tnis road may be attested by the fact 
that upwards of half a million tons of coal passed 
along the line last year ; about four-fifths of which 
were exported, the remainder being disposed of at 
the numerous depdts along the line. The superi- 
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ority of locomotive railway travelling, and the in- 
crease of passengers resulting therefrom is fully 
exemplified upon this road, where the intercourse 
of passengers is now augmented to upwards of 
eighty times the extent to which it was carried on 
pnor to the formation of the railway, notwith- 
standing the £eicilities hitherto afforded by the excel- 
lent blue whinstone turnpike roads, running in an 
almost parallel direction. The principal works upon 
the railroad are the suspension and draw bridges, 
near Stockton, across tne river Tees ; the stone 
bridge across the river Skeme, near Darlington ; 
the shipping apparatus at Middlesbro,' in York- 
shire ; and tke ereat stationary engine on Brussel- 
ton Hill, which draws the coals, &c., from the 
Auckland valley to the summit of the railroad, in 
order that they may be forwiurded to the western 
terminus of tne great eastern locomotive plane at 
Shildon. 

About two miles below the terminus last ad- 
verted to, commences the Clarence Railway, and 
which proceeds in an eastern direction terminating 
at Port Clarence, on the northern bank of the 
river Tees, nearly opposite to the town of Mid- 
dlesbro'. Upon this line, there is one plane nine 
miles in length, possessing the favourable declinap- 
tion for the descending trade of 23.36 feet per mile, 
which, considering the very undulating surface of 
its route, reflects great credit on its designer, it 
being considered, when made, a close approxima- 
tion to the equalised plane. Rather less inclinap- 
tion was deemed preferable at the time alluded to, 
but it could not be obtained, owing to the descent 
of the country, and the non-intervention of any 
plane between the termini, except those for loco- 
motive power. The trade upon this railway has 



36 PROGRESS OF RAILWAYS. 

recently been considerably increased, two hundred 
thousand tons of coals having passed along it during 
the year 1838 ; and the railway company have 
lately had guaranteed to them an annual quantity 
of one hundred and fifty thousand tons, to be led 
from the great western coal field now bein^ opened 
out, and which quantity, in all probability, will 
very soon be doubled ; therefore, it appears that 
ere long, this line of communication will be more 
fully developed than it has been hitherto. There 
have been some extensive works executed upon this 
railroad. Tha first that we shall notice is the 

freat river embankment and the several drops at 
^ort Clarence ; the shipping apparatus, for alter- 
nately lowering the loaded coal waggons to the 
ship's deck, and lifting them up again when 
emptied — the drops bemg justly admired for their 
simple construction, and expeditely loading vessels 
at all times of the tide. About five miles west of 
the above town commences the great Russell's cut, 
which contained four hundred thousand cubic yards 
of earth, the greatest depth being thirty feet. 
Three miles to the westward commences the Whit- 
ton cut, which contained two hundred and twenty 
thousand cubic yards, the middle portion averafij- 
ing forty-two feet in depth. Adjoining, is the 

freat Wnitton embankment of seventy-five feet in 
eight ; and three miles further west is the Stilling- 
ton embankment, sixty feet in height. On the 
north branch line, six miles from the city of 
Durham, is the Rudds Hill excavation ; the railway 
is here cut through the solid rock to a depth of 
sixty-seven feet ; the breadth at top is seventy-five 
feet, and one third of that breadth at the formation 
level. There were nearly one hundred thousand 
cubic yards of stone removed from this excavation. 
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Stanhopb and Tynb Railway. — Another 
opulent and persevering company have carried a 
railwav from the river Tyne, at South Shields, in 
a nortn-west direction, forming an outlet to several 
collieries in its route, and also affording great faci- 
lities to the celebrated lime^works in the western 
part of this county — Durham. In consequence of 
the undulating sur&ce, the western part of the line 
is worked on the self-acting inclined plane, and 
stationary engine principle. At Shields, there is 
an extensive quay completed, upon which are 
erected stone piers, to carry the several drops and 
the timber roadway, the trussed framing supporting 
the latter being a highly creditable specimen of 
constructive carpentry. 

Upon the Hartlepool railway several extensive 
works have been completed. There were exca- 
vated from the great Crimdon cut, upwards of eight 
hundred thousand cubic yards of earth ; its greatest 
depth is seventy feet ; greatest width at the top, 
eighty yards, and nhie yards in width at the for- 
mation level ; the greatest part of it was deposited 
in the stupendous Haitlepool embankment, and 
the remainder of the latter formed with the earth 
excavated from the docks at Hartlepool. The re- 
sidue of the above great cut was deposited in the 
adjoining Hesleton-dene embankment, of eighty- 
five feet in height, and the deficiency to form it 
obtained from the adjacent north-west cuttings. 
The Edderacres embankment, near Castle Eden, 
is seventy feet in height, and that at Pespool sixty 
feet. In consequence of the formation of this rail- 
road, the small fishing town of Hartlepool has 
rapidly risen into importance, as a port of traflic 
and refrige. 
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We cannot close this retrospective view of the 
forgoing raihx>ads already executed in the north, 
without a glance, however cursory, at that noble 
work of art, the Liverpool and Manchester railway, 
which clearly evinced the utility of such specula- 
tions, and accelerated the formation of the London 
and Birminc^ham, Grand Junction, Great Western, 
and other gigantic railroads, which are now of such 
national importance. 

The distance between Liverpool and Manches- 
ter by the railroad is thirty-one miles. The great 
tunnel at the former place is one and a quarter 
miles in length, twenty-two feet wide, and sixteen 
feet in height ; the side walls beine five feet hig^h, 
surmount^ by a semicircular arch of eleven feet 
radius. Olive Mount excavation, near Liverpool, 
is seventy feet in depth, and two miles in length. 
The next object worthy of notice, is Parr Moss, 
where twenty-five feet of embankment have been 
required to form one of five feet high, owing 
to the imperfect foundation. The Sankey viaduct, 
nearly fourteen miles from Liverpool, contains nine 
arches, of fifty feet span each, the railroad upon it 
being elevated seventy feet above the valley ; the 
structure is principally brick, having stone mcings. 
We next arrive at the large Kenyon excavation, 
from which there were eight hundred thousand 
cube yards of earth removed. After passing three 
or four bridges, we enter the Chatt Moss level. 
This morass varies in depth from ten to forty feet, 
and comprises an area of nearly eight thousand 
acres. On the eastern border it was with much 
difficulty that the embankment could be consoli- 
dated, but time, ingenuity, and perseverance finally 
became predominant. Throughout the line of rnil- 
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road, there were excavated and removed, upwards 
of three millions of cubic yards of stone, clay, and 
other soils. 



CHAPTER III. 

GRADIENTS. 

Of expretsing the Rate of Inclinations— Rules for calculating the several parts 
of Inclined Planes—Estimated by Geometry— Tables of Gradients— Rule for 
ascertaining the proper Inclination, to equalise the Draught in each direc- 
tion, for a Descending Trade— Examples shewing how to calculate by it- 
Ratio of Waggons of one-third, fourth, and fifth parts of the weights of the 
gross downward Load, explanatory of the Equalised Planes. 

Without wishing to appear fastidious, it may be 
necessary to OMerve, tnat, when speaking of gra- 
dients, they are sometimes expressed as at a rate of 
one yard perpendicular to so many yards horizontal, 
or at a rate of one foot perpendicular to so many 
feet horizontal. But such extra explanations are 
quite superfluous, as it is generally understood 
when we say 1 in 100, 1 in 200, and so on, that 
the first number represents the perpendicular height, 
and the latter the horizontal length in attaining 
such height, and that both numbers are of the 
same denomination, as yards, feet, &c., unless 
expressly stated otherwise. We shall, therefore, 
throughout this work, omit specifying whether the 
inclinations are in feet, or any other measure. 

It may be necessary to observe that the inclinar 
tion of a plane ; the sme of inclination ; the height 
per mile, or the height for any length ; and the 
ratio, &c., are all understood as synonymes. 
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Having the inclination^ per foot, of a plane given 
to find the corresponding inclination per mile^ 
chainy or yard ; also to find the ratio of the plane. 

I.— Multiply the inclination per foot by 5280, (the 
number of feet contained in a mile) and the product 
will be the inclination per mile. 

2.— Inclin. per it.X66=dnclin. per chain. 

3.— Inclin. per ft.X3=inclin. per yard. 

4.— Divide 12 by the inclin. per foot, and the quotient 
will represent the ratio of the plane. If calculated 
decimally, annex as many cyphers to the 12 for a divi- 
dend as there are decimals contained in the divisor. 

EXAMPLES. 

1.— A plane ascending at the rate of ^ in. per foot : 
then Ti^X«^o=«|f 0=330 in. or 21\ ft. per ml. 

By decimals — ^ of an in.=*0625 ; 

then •0625X5280=330* in., or 27*5 ft. per mile. 

4.— Plane ascending -^ of an inch per foot :* 
then yX'/=if«=64, ratio of the plane, 1 in 64. 

By decimals, 

then 12'0000h-'1875=64, ratio of the plane 1 in 64. 

The ascent^ per yard^ being given, to find the 
same ascent, per nUle, per chain, or per foot ; 
also, to find the ratio of the plane, 

1. — Ascent per yardX1760=ascent per mile. 

2. — Ascent per yardX22=ascent per chain. 

8. — Ascent per yard-^3=ascent per foot. 

4. — Divide 36 (the number of inches contained in a 
yard) by the ascent per yard, and the quotient will 
be the ratio of the plane. If calculated decimally, 
annex cyphers as before. 

* The above 3-16ihs of an inch, and the subsequent divisors, arc in- 
Terted in order to divide firactionally. 

G 
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EXAMPLES. 

1. — Plane ascending -^ of an in. per yard : 
T^X* V"=H?°=330 in. or 274 ft- per ml. 

By decimals, 

•1875X1760=330- in., or 27*5 ft. per ml. 

4. — A plain ascending -^ of an inch per yard, 
YXV^=«|^«=192, 1 in 192, ratio of the plane. 

By decimals, 

36-0000-7-' 1875=192, 1 in 192, ratio of the plane. 

The inclination^ per chain, being given to find the 
same inclination per mile, yard, or per fi>ot ; 
also to find the ratio of the plane. 

1. — Inclin. per chainX80=inclin. per mile. 

2. — Inclin. per chain-f*22=inclin. per yard. 

3. — Inclin. per chain-f-66=:inclin. per foot. 

4. — Divide 792 (the number of inches contained in a 
chain) by the inclination per chain, and the quotient 
will be die ratio of the plane. If calculated by deci- 
mals, annex as many cyphers to the 792 for a divi- 
dend as there are decimals contained in the divisor. 

EXAMPLES. 

1 . — Ascent of plane 4 J in. per chain, 

4i in.=VXY=^ V°=330 in., or 27 ft. 6 in. per 
mile. 

By decimals, 

4* 125X80=330* in., or 27*5 ft. per ml. 

2. — Inclin. of plane 4| in. per chain, 

4i in.=VX^=^j=^3^ of an in. per yd. 

4. — Ascent of plane 4^ in. per chain=^, 

7|2X^=6|f 6=192, 1 in 192, ratio of the plane. 

Decimally, 

792 000^-4 '125= 192, 1 in 192, as above. 
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Tke inclinationf per mUe^ being given to find the 
the same inclination per chain^ yard^ or per 
foot ; or to find the ratio qfthe plane. 

1.— Inclin. per inile-!-80=incliD. per chain. 

2.— Inclin. per mile-4-1760=incliD. per yard. 

3.— Inclin. per mile-^5280=inclin. per foot. 

4."-Dividc 5280 (the number of feet=l mile) by the 
inclination per mile ; — if the latter contain feet and 
inches, reduce it to inches, and divide 63,360 (the 
number of inches=l mile) by the inches in the incli- 
nation given, and the quotient, in either case, will 
represent the ratio of the plane. 

EXAMPLES. 

1.— Ascent of plane 27} feet per mile=330 inches, 
'40X^=*aV=4j inches per chain. 

2. — Same plane, 
330-M 760=* 1875 inches per yard. 

4.— Plane ascending 24 feet per mile, 
5280-1-24=220, ratio of the plane, 1 in 220. 

Plane ascending 27} feet per mile, 
63,360H-330=192, ratio of the plane, 1 in 192. 

Having the ratio of a plane giveuj to find its 
inclination per mile ; chain ; yard ; foot ; or 
fiir any length qf it. 

1. — *?§?^=inclin. per mile in feet ; or 

ratio *^ 

63,360 ^pc^^^ssinclin. per mile in inches. 

ratio *^ 

2. — ?^J5^??!=inclin. per chain in inches. 

ratio *^ 

3 __??J5*12=inclin. per yard in inches. 
4. — ?l!5!*?!=inclin. per foot in inches. 

ratio '^ 

^— UngthofPUmcinfwt^inrlin of any length of the plane 
in feet. 



44 GRADIENTS. 

EXAMPLES. 

1. — Plane ascending at the rate of 1 in 192, 
5280-M92=27-5 feet per mile; or 
6d,d60-M92=:ddO inches per mile. 

2. — Plane ascending at the rate of 1 in 1056, 
'f^ ^11^*57=^^^=1^^* ^^*^ ^°®^ P®' chain. 

3. — Ascent of plane 1 in 192, 

VX ri7=t^=A^^« o^a^ i^ch per yard. 

5. — A plane, 880 yards in length, ascending at the rate 
of 1 in 192, 880 yards=2640 feet, 
26404-192=13*75 feet=the inclin. of the plane. 

MISCELLANEOUS EXAMPLES. 

Plane, 2640 yards in length, ascending at the rate of 
27 feet 6 inches per mile, 
1760 : 2640 : : 27^ : 41^ feet=the height of the 

plane ; or 
5280 : 7920 :: 330 : 495 in. =the height of the pi. 

Plane, 2640 yards in length, ascends 41 feet 3 inches, 
what is the inclin. per mile ; chain ; and per yard ? 
2640 : 1760 :: 41^ : 27^ feet.=the height per 

mile; or 
7920 : 5280 : : 330 : 495 in.=the height per ml. 
2640 : 22 : : 495 : 4| in.=:the height per cham. 
2640 : 1 :: 495 : '1875 in.=the height per yd. 

What is the ratio of the ahove plane ; or what length of 
it=:l yard, 

495 : *36 : : 2640 : 192 yds.=l yd., or the ratio 
of the plane is 1 in 192 yds. 

Gradients are also calculated geometrically, thus : — 
the hypothenuse^ of any right-angled triangle=the 
base^+height^ ; and the base2=hypothenuse2 — 
height 2 ; and the height^ =hypothenuse2 — base.^ 
The hypothenuse being understood as the length of the 
plane. But, in general, gradients are easiest calculated 
decimally ; as shewn in some of the preceding examples. 
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In all such questions as the last, m sunple pro- 
portion, there will always be three terms, one of 
which is of the same kind as the answer sought ; 
and the simplest, and surest, way to operate is, to 
put that term in the third place. It will then 
readily be seen, whether the answer is required 
greater or less than that sum, therefore, place the 
other two terms first and second, according as it is 
required, less or more; such two terms being 
always of the same kind, as, inches, feet, &c* 
Thus, in the example adverted to, the answer was, 
how many yard8=l yard? TTie length, 2640 
yards, was, werefore, put in the third place. Now, 
as 2640 yards ascends 495 inches, it was evident 
that a shorter length would ascend 1 yard. Con- 
sequently, the 495 was placed for the first, and the 
1 yard (36 inches) for the second term. It is to 
be observed, that the product of the two means, 
and that of the two extremes, must always be 
equal. Thus, in this example, 36X2640=95,040 
=the two means; and 495X192=95,040=the 
two extremes. 

In stating the ratio of each plane, in the last 
columns of uie subjoined tables, tne fractional parts 
have been omittea, and the nearest integral num- 
ber inserted ; — the table being intended as a refer- 
ence for practical purposes, such minutise, would 
have appeared superfluous. The planes marked 
with an * in the first table, are the nearest corres- 
ponding heights, per mile, to the equal ratios of 
plane, inserted in the last columns. 
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TABLE OF PLANES, 

Showing the rate ofateent per mi/e, emd the corresponding ascent per 
chain, per yard; and also the ratio. 
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TABLE OF PLANES, 

t Aicatl ptr Yard, and t\t eo rr ti p e ni Bng ^ 
Oiain jxr MiUi amdaUatht Ratia, 
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Descending Planes— It may be necessary to 
remark that all lines are considered as descenoing 
ones, where there is a constant greater weight 
drawn in one direction than in the opposite one. 

The following rule evinces the method of calcu- 
lating the proper inclination for gradients of the 
above descnption. ^'^To the tonnage in each direc- 
tion add the weight of the waggons required to 
carry the greater tonnage, divide the greater sum 
by the less, and make the quotient, diminished by 
1, the numerator, and the same quotient, with 1 
added, the denominator of a fraction. Multiply 
this fitu^tion by the fraction representing the resist- 
ance on the level rails, and the result will be the 
fraction shewing the best inclination for the trade." 
^Tredgold. 

EXAMPLES. 

1.— Suppose that for every 1000 tons of goods conveyed 
in one direction, there will be only 500 tons drawn 
in the opposite one; and that the weight of the 
waggons to carry 1000 tons is 250 tons, (oDe-fifth 
of the gross downward trade). First, add to 1000 
tons the weight of the waggons, which makes 1250 
tons ; and to the 500 tons, their weight added will 
make 750 tons. Then divide 1250 by 750 ; that is 
y3-!y>=l-667. Then from 1-667 subtract 1 for a 
numerator, and add 1 for a denominator, and we have 
i^f/^:=:\. Now if 1 lb. will draw 150 lbs. upon the 
level railroad, then jXy^rsry^, or the plane should 
descend 1 in 600, to equalise the tractive power 
thereon. 

2.— -Again, suppose 1 lb. would draw 240 lbs. upon 
the level then \>^-^^=-^j5% or the plane should 
descend 1 in 960, to equal the tractive power. 

3.— If the empty waggons only were to be returned, 
and their weight, and the resistance on the level, as 
in example the first ; 

H 
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then,2g^=5, and ^-^^j;^; heiiC5e, 



ffs^ iio = <i^ t o' ^ plane descending 1 in 225, 
would balance the draught. 
4. — If the empty waggons only were to be returned, 
and their weight, as in example the first, the resis- 
tance on the level=240th part as before ; 

^®^» t^5^tIi7=^Jt7> ^' ^^® plane should descend 
1 in 360, to equalise the 'draught. 
5. — Suppose the empty waggons only were to be re- 
turned, and their weight was equal to one-fourth of 
the gross load, (one-third of the useful e£Eect,) and 
the resistance on the level equal to the 150th part of 
that weight. 
1,000 tons goods+3d3, wt. of wgs.=l,333 tons gross. 

then,^^_4, and J=5="07' 

hence, ^Xy^=^^, or a plane descending 1 in 

250 would obtain the same result, as 1 in 360 does 

in the last example. 
6. — Suppose the empty waggons only were to be re- 
turned, and that their weight equalled one-third of 
the gross load (| the useful effect). 
1000 tons goods+500, wt. of wgs.=1500 tons gross. 

then, gQQ= 3, and gxi=^, or the descent should 

be equal to | the resistance upon the level ; 

According to the weights, &c., given in the first ex- 
ample, it appears that the proper inclination should be 
one-fourth of the resistance upon the level railroad ; 
in the second equal to xV^l^» ^^^ ^^ ^^' ^ equalise the 
draught in each direction. It will also be observed 
that the equalised draught alters the proper declivity 
according to the ratio of weight that the waggons bear 
to the gross load. The lighter they are, of course the 
greater acclivity is requisite to balance the preponde- 
rating downward trade. 

TVe shall now proceed to show that the preceding in- 
clinations of plane are correctly balanced. 
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1.— Supposing a power of 100 lbs. be applied upon a 
railway where the resistance upon the level equals the 
150th part of the insistent weight, what weight will it 
draw down a plane of 1 in 600 ? 

100X150=15,000 lbs., drawn on the level ; 
theui 15,000-^-150=100 lbs., friction on the level ; 
15,000-^800= 25, gravity of plane ; 

75 lbs., total resistance, 
and !2?X1M2?=20,000 lbs.=the weight drawn 

19 

down the plane. 

2. — The resistance upon the level being the same, what 
weight would the 100 lbs. power draw up the same 
plane? 

Here the resistance upon the level must be added to 
the gravity of the plane. Friction on the level, 100 
Ibs.-f'gravity, 25=125 lbs., total resistance. And 
125 : 100 : : 15,000 : 12,000 lbs.,=ihe weight drawn 
up the plane. And the 20,000 lbs. drawn down in 
the last example : this 12,000 lbs. : : 1,250 tons : 750 
tons, returned in the first example in page 49. Con- 
sequentlv, it proves that a plane descending 1 in 600, 
(iXii^y equalises the draught, where the weights 
£awn in each direction, and that of the waggons is 
as there described. 

3.^-If a power of 100 lbs. were applied on a railway, 
where the resistance on the level equalled the 150Ui 
part of the insistent weight, what weight would it 
draw down a plane of 1 in 250 ? 

100X150=:15,000 lbs., drawn on the level ; 
ihMi, 159000-f-150=100 lbs., friction on the level ; 
15,000-*-260= 60, gravity: 

40 lbs., total resistance. 
and, ^^Xlg>000^3Y 50Q ibs.=the weight drawn 

down the plane. 
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4. — What weight would the 100 lbs. power draw up 
the plane of 1 in 250, the resistance on the level 
being the same as in the last example ? 
Here, the friction upon the level must be added to 
the gravity of the plane. Friction on the level, 100 
lbs. -{-gravity, 60=160 lbs. total resistance. And, 
160 : 100 : : 15,000 : 9,375 lbs.=the weight drawn up 
the plane, and=^th of the descending load. It conse- 
quently follows that a plane descending 1 in 250 
(-r.^-yXxt7j)=the tractive power, where the load is only 
in one direction, and the weight of the waggons=one- 
fourth of the gross load. See example fifth, in the 
fiftieth page. 
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CHAPTER IV. 



EXCAVATING. 

Quantity of land required for a Railroad— Formation and Preservation of 
Slopea— Method! of staking out cuttings— Boring— System of Excavating— 
Cubic yards excavated per day by each individual— Expense of excavating 
per cuMc yard— Employing Trams— Corves— Barrowing—*' Horse-runs," or 
Vertical Roads— Oulleting— Its Advantages and Disadvantages— Excavating 
in Layers— Modes of working Descending Cuts— Excavating Rock— Great 
Blast of Rock, in Craiglelth Quarry— American Patent for boring In Rock- 
Formation Level- Disruptions in Slopes— Drainage— Cowran Hills Cut, 
near Carlisle— Dwarf Walk— System of measuring Work, with Explana- 
tory examples. 

The quantity of land requisite for forming railroads, 
will depend upon various circumstances ; such as, 
an undulating surface, breadth of tracks, depths of 
cutting, heights of embankments, &c. But, for a 
double line of railway, about twenty-seven yards 
may be assumed as a medial breadth, including 
fences ; or about ten acres per mile, exclusive of 
that required at each terminus. 

We shall consider the line of railway staked out, 
ready to commence operations. Should the ground 
not vary much transversely, or between the sides of 
the intended excavation, there will be little or no 
difficulty in setting out the work ; on the contrary, 
if it presents a variable surface between its sides, 
the greatest precaution will be necessary, to pre- 
serve the uniformity of the slopes, and to keep 
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them as firee as possible from indentations or as- 
perities, which not only disfigure them, bat tend 
to cause disruptions and slipping in their sides; 
the evil effects of which will oe subseauently de- 
tailed. Moreover, an expense freauenUy inconed 
by re-working slopes, would also oe avcndad, by 
taking due precaution in setting them out before 
commencing to excavate. The angle of the slopes 
should also be attended to, being regulated by the 
nature of the material and the depth of the cutans; ; 
for the deeper the cut, the flatter oufi;ht they tobe 
executed. And where the formation^&vel of the cat 
is soft, or where there is a defidency of earth to 
form ^e embankments, it will be desirable to foim 
the slopes very flat on the south side of the eat- 
ings, to give greater £BUsilitv to the action of die 
sun and wind, two powerful auxQiaries for consti- 
tuting a firm foundation. It is also advisable to 
reserve the sur£Btce-soil to cover the slopes, that it 
may be afterwards sown with grass, which not only 
improves the appearance of the railroad, but also 
forms a good preventative against the destructive 
influence of the atmosphere ; for, when the ffrass 
has once attained a proper sward, it acts as a shield, 
and being nearly impervious to wet, prevents the 
rain from washing the earth into the side drainage, 
or even penetrating the slopes. This is also a 
good metnod to adopt either with excavations or 
embankments, when composed of sand, in order to 
form on outer crust as a preventative against the 
powerful force of the wind, which frequently in- 
dents slopes to a great extent. 

In setting out excavations where the surfiEU^e 
slopes transversely, it is customary to mark them 
out as if level between their sides ; then to take the 
difference of height between the low side and 
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centre of the railway, and deduct the difference — 
estimated aecordinff to the intended batter of slope 
— fipom the low sick of the cut, and add it to tne 
high one. This method answers for ordinary pur- 
poses, but not where the transverse slope is great. 

When the transverse slope of the ground is con- 
siderable, as in cutting the side of a nill, the most 
ecuxect method of excavating is to finish the slopes 
from the'bottom of the cut upwards by a frame bevel, 
having something attached denoting its perpendicu- 
lar, but if the work has to be permanently set out 
and fenced off, before conunencmg to excavate, this 
method, of course, cannot be resorted to ; we would 
therefore suggest the making of a small sketch, or 
transverse section of tibe sur&ce at different places, 
where the cut is of great depth, the surface irreg- 
ular, or sloping much transversely. Each slope 
may then be marked off to similar or different angles, 
the width measured on the section, and the cut 
finally staked out. 

It is essential to have the earth perforated at 
various places to the depth of the intended exca- 
vations, particularly where they are to be of great 
depth, in order to ascertain what the strata is com- 
posed of. Where cuttings are to be shallow this 
11 easily effected, but where they are to be deep, 
recourse must be had to boring implements, such 
as axe in general use. 

The requisite cutting for forming embankments 
may in c^eneral be nearly ascertained, provided the 
pound be firm ; but, when the substratum yields by 
the pressure of the mound, there are no data upon 
which to form a calculation. Although embank- 
ments are usually narrower than cuts, yet they may 
be supposed as equivalent to cuts of corresponding 
depth, on account of their slipping and waste before 
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being finally consolidated. Should there be a sur- 
plus of cutting, it will be desirable to reserve a 
portion of that part which is freest from clayey 
particles, for the purpose of repairing and raisuig 
the embankments as they subside. 

Attempts have been made at different times to 
introduce machinery, for the purposes of excavat- 
ing ; but hitherto it has proved almost inoperative, 
owing chiefly to the difficulty of applying the ma- 
chinery as the excavations become advanced. We, 
of course, do not allude to excavating in water, 
such as the deepening of rivers, where mechanical 
power is indispensable, and undoubtedly will main- 
tain its predommance. 

As earthworks have chiefly to be performed by 
manual labour, the main object to be accomplished 
when excavating, or what is termed ^^ getting the 
earth," is to cause its specific gravity to assist in 
overcoming its tenacity. This is easily obtained 
by merely undermining it, where there is a ffood 
breadth of face, but where the breadth is linuted, 
we prefer the cutting an upright chamber about 
two feet wide at each end, to nearly the breadth of 
the intended fall of earth ; the material thus project- 
ing, its gravity assists the operator in detachmc^ it in 
considerable masses of many tons each, accordmg to 
the nature of the strata. The extra trouble in 
cutting vertical niches, is far more than compensated 
by the trivial dressing requisite at the frice, before 
another fall takes place. The working of some 
soils is yet further expedited, by placing a block a 
short distance from the frice of the cut, uie earth in 
falling acquires such a momentum that when it 
comes in collision with the block, it is comparatively 
res^ for being loaded. 

Tiie quantity of earth cut and loaded in a 
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specified time, by each workman, is very fluctuat- 
ing ; the tenacity of the earth firequently making a 
difference Of more than one hundred per cent. ; 
exdusiye of the variations of seasons* In many 
soUfl, we have known each man in the cut to exca^ 
rate and load twelve cubic vards per diem ; whereas, 
in others, each man scarcely averaged one-half that 
quantity for his daVs work, even after the earth 
nad been detached from the face of the cutting. 
Yet, upon the average, throughout a line of road 
in ordinary soils, (stone excepted,) we may fairly 
assume eight cubic jards of earth to be cut and 
loaded by each individual employed in the cut for 
his day's work ; and taking them at an average of 
three shillings per day eacm, the expense of exca- 
tatii^ and loading mil amount to 4-5 pence per 
cubic yard. 

In excavating, where the distance is short, bar- 
rdwing is preferable to any other means, to the 
extent that manual power can be economically ap- 
propriated, on account of the simplicity of the 
machine s, and the facility with which the stage is 
erected for their application. Indeed, we may 
truly 0ay, that the quantity of eaith removed in 
dkcm per diem, by some woricmen, is almost incre- 
dibie; and their manner of running along a plank, 
aeross a deep ehasm, where the height of the load 
oft€» prevents their seeing the wheel of the barrow, 
h abo astonishing. For greater distances, the best 
mode iu in uung small waggons, or corves placed 
upon trams; in either case running upon tram- 
ways impelled by the workmen. When the nar 
tore of th« soil is such that it is readily unloaded, 
these two latter methods are often preferable to the 
former, even for short lengths, but for the greater 
facility with which the Murrows can be applied, 
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owing to a single plank in width sufficing for a 
road-way. 

In the prosecution of earth-works, it frequently 
happens that the situations are so limited, that no 
road can be devised for the removal of the produce 
from a lower to a higher level, except those which 
are technically called ^* horse-runs ;" that is to say, 
when the planks forming the road-ways are laid 
almost vertically, one man being drawn up along 
with a loaded barrow, whilst another man is being 
lowered down a similar plane with an empty one ; 
or alternately drawn up and lowered down the same 
plane. The frequency of accidents upon such 
roads led to the following improvement. The en- 
graving on the opposite page represents the plan 
alluded to, invented by Mr. Matthews, and which 
has been rewarded by the Society of Arts, by an 
honorary gold medal. By its adoption acdiaents 
are entirely avoided, as the barrows are alternately 
drawn up and lowered down without any workman 
accompanying them. 

The plan, and method of operating is thus de- 
tailed by Mr. Hebert. a a is a plank ten or eleven 
inches wide, laid at a small angle, sufficient to keep 
the barrow wheel in contact with it, and two strips, 
b 6, are spiked to the edge of the plank, so as to 
form a groove for the wheel to run m ; two pieces 
of quartering, or small spars, c c, are fixed on each 
side, at a proper distance, to guide the handles, by 
which the barrow is kept in a proper position 

r'nst the plank upon which the wheel runs; 
It ten or fifteen feet from the top of the plank, 
and the sta^e where the loaded barrow is to land, 
a pully, dj IS fixed to a pole, e, through which the 
rope, or chain, is passed down to the barrow ; to 
the end of the rope is £EU3tened a hook, which goes 
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into the eye^ fixed upon 
the point of the borrow. 
A pair of filings are slid 
vpoa the handles of the 
niTOw, previouftly fasten- 
ed apon the rope at a pro- 
per distance, to keep the 
nurow in a right position 
to be drawn up the plane, 
or plank, which i», when 
Ae handles of the barrow 
an a little below the hoii- 
Kmt&l line with the wheel 
of the barrow while nin- 
niiig up the plank. The 
nme, after passing over a 
puley, d, passes through 
■QOtber leading pulley p, 
tt a proper height to suit 
the draught of the horse, 
■nd la connected to a ai- 
oiUr apparatus at another 
iodined plane, situated at 
a from the former, 
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somewhat exceeding the length of the planes on 
which the barrows run. A hoise is attaiched by a 
rope to the middle of the horizontal part of the 
rope, g^ g^ and alternately traversing between the 
two stations, raises a loaded barrow at one station, 
or plane, whibt an empty one descends at the other, 
unaccompanied by a man. The pulley, d^ is ele- 
vated so high as to let the rope from die barrow 
clear the bank, and yet incline so much inward that 
the barrow clears the bank as it swings in, and 
lands itself as shown by the dotted lines. The man 
has only to fix the ropes to the empty barrow, and 
wheel tne full one away. 

GuLLETiNG. — An excellent plan for fiu^Utating 
earth-works, is the making of what is usually 
termed a gullet^ or the forming a ditch about nine 
feet in breadth along the excavation. The gullet 
ought to be cut from one-half to two-thirds of the 
depth of each layer, the contents beinff deposited 
on the top adjoming 8ur£EU», and the bottom part 
afterwards excavated to the full depths and loaded 
into the waggons. This method admits a train of 
waggons to pass forward into the interior of the 
excavation, and is peculiarly well adapted to the 
upper layers of deep cuttings, wh^e, by the mak- 
ing of this single road forward, the whole breadth 
— for any length of the cut — ^is rendered available. 
By adopting this plan, the earth is loaded into the 
wageons over their sides ; thus, a train of almost 
any length may be loaded at one time; it also 
supersedes the necessity of loading a part of the 
waggons by barrows, which is almost unavoidable 
when operating otherwise. Indeed, experience 
proves it the most practical method of excavating, 
possessing, as it does, both facility and economy. 

Gullets should never be cut to the full depth. 
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before commencing to load the earth into the wag- 
gons. Casting out the bottom part of them is too 
expensive, moreover the produce has to be refilled ; 
their sides are also more liable to be pressed in, 
owing to there bein^ a greater weight resting upon 
them, and by their sides thus being deeper. There 
will generally be sufiBcient time* to excavate the 
bottom part of the gullet, and load the produce 
into the waggons most advanced into the mterior, 
without laymg it down and refilling it, as the other 
waggons have to convey the whole depth of the 
layer, and also the excavated earth which has been 
deposited near the sides of the gullet. 

when speaking of the advantages resulting from 
the introduction of gullets, it is necessary to remark 
that they are firequentlv prosecuted to too great an 
extenty especially dunng the winter months, or 
when the season is wet. Being made so much in 
advance of the finished layer, they are too long 
exposed to the weather, ana b^ the action of the 
frost and wet, large quantities of the excavated 
eaiidi and sides of the ditch are precipitated into 
the bottom, and which can only be removed at a 
great expense. 

Golleting is incompatible with shallow cuttings, 
unless that oy excavating a road through an inter- 
yening iqpace, it enables a cut of greater magnitude 
to be commenced. It is occasionally resorted to 
for expediting the work of the former, but which is 
nevortneless attended with additional expense ; for 
the advantages resulting from the residue, after a 
gdlet is made in shallow cutting, is not a compen- 
sation for its execution. 

Excavating in Laykrs. — Where cuttings are 
deep, it is expedient to excavate in layers oi from 
^ht to twelve feet each, in order to diminish the 



62 EXCAVATING. 

dangler attendant upon those works as much as 
possible, and also to racilitate their progress; should 
there be a eood deposit for the excavated eurth, the 
work may Sien be prosecuted to almost any extent. 
Each layer ought to proceed with an uniform de- 
scent towards the place of delivery, on account (^ 
conveying the water from the &ce of the cut, and 
also to equalise the draught ; which latter will be 
subsequently explained ^en treating on haulage. 
By operating in layers, the employing of barrows 
when loading the waggons, is mao avoided; its 
adoption, however, causes an additional lengtli of 
temporary roads requisite. 

When excavations are performed to the required 
depth in two layers, both should be in operation at 
the same time, keeping the upper one any conve- 
nient distance advanced, and its produce conveyed 
to the lower layer by an inclinea plane on one of 
the slopes. This method equalises the excavating ; 
the higher layer being so much better adapted for 
excavating on account of its extra breadth. Where 
cuts are of great depth, the major part of the upper 
layers ought to be completed, as much of their 
contents as possible being conveyed down by means 
of self-acting inclined planes, before the lower 
layers are commenced. 

Descending Cuts. — In descending cuts, the 
water is frequently a formidable opponent to our 
proceedings; it is therefore desirable, that the 
greater part of the excavation should be executed 
on a level, or with a slight ascent, in order to lessen 
the inconvenience of quitting the water, and only 
have it to contend with when excavating the bot- 
tom part to the required depth. Should there be 
a great accumulation of water in the bottom, and 
it be difficult to quit, the best and most effectual 
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method is, to make an open drain from the lower 
end of the catting, after the water level line is 
carried through. 

We have oocasionallv observed cuts slightly de- 
scending, worked to tne specified depth as they 
Eroceeded, merely by taking the precaution of 
eeping the bee of the cut, and a snort distance 
from it, a few inches above the proper depth, and 
bottoming the cut as it advancea, which kept the 
part in operation dry, and answered the purpose 
intended remarkably well. 

Another mode of performing descending cuts 
where part of the produce is required for embank- 
ing at each end of the cut, is, to convey the upper 
part of the excavation into the ascending embank- 
menty and afterwards bottom the excavation to 
form the lower one; this necessarily increases 
the average length of conveyance, vet the advan- 
tages consequent therefrom, will rar more than 
compensate for the additional distance incurred. 

Excavating Rock. — There is not such a dis- 
crepancy between the expense of cutting a line 
through a stony substance and ordinary soils as at 
first appears; owing to the angle of repose of rock 
being nearly vertical, which causes the cubical 
content to be considerably less than when passing 
through soils. The former certainly costs more 
f(Hr removing, than an eaual mass of tne latter ; yet 
part of the product of tne former is in many cases 
made availaole for useful purposes ; its value fre- 
quently liquidating the expense incurred in remov- 
ing the whole quantity. Rock has also an advan- 
tage over soils where there is a deficiency of em- 
bimking material, owinff to its angle of rest being 
as above described, which renders a greater bulk 
attainable from the same width ; the produce also 
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Stands more erect when embanked ; in both cases 
causing a less quantity of land to be requisite for 
the completion of a railway. 

When there is a deficiency of embanking mate- 
rial, or when the product is valuable, rock excava- 
tions will probably be executed as wide as those 
composed of clay or other soils ; in which case, 
perhaps, the best method of operating is by adopt- 
mg gullets as in the sixtieth page ; but in onfinary 
stone cuttings, this method will be inapplicable, on 
account of their limited width at the top, owing to 
their angle of repose being nearly perpendicmar. 
It should also be observed, that, commonly, it will 
be the best to make the gullet adjoining one side 
of the cut, that one of the slopes may form a per- 
manent side of the excavation when completed. 
But where the excavation is of a great width, it 
will be preferable to form the gullet along the mid- 
dle of the cutting, which will render double the 
sectional area of mce attainable for excavating. 

In order to facilitate the progress of rock exca- 
vations of limited breadth, we woukf suggest that 
they should be formed in layers of about fifteen 
feet each, and the layers formed in two depths, 
which would allow of any space in the upper part 
being excavated at one time. Thus, each layer 
might be prosecuted at whatever rate was deemed 
necessary, merely by increasing the number of faces 
along its upper part, and depositing the contents 
upon the top of the lower one, to be removed as 
the lower part of the layer advanced. iMthough 
this method causes the produce of the upper part 
of each layer to be agam removed, yet at the same 
time, it materially diminishes the danger attendant 
upon such works. It also causes a ready delivery 
wnen excavating the upper part, and also allows 
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the excavating to be accelerated without curtailing 
the space occupied by each workman. And, more* 
oyer, it enables the winning of each separate piece 
to be undertaken by a (uflferent sub-contractor, 
which is, in many cases, a great acquisition. 

The following immense blast of rock took place 
in Craigleith quarry, near the city of Edinburgh, 
on Saturday, the 18th day of October, 1834. <'At 
half-past two o'clock, the conductor, inclosed in a 
block-tin tube, twenty-six feet long and half-inch 
diameter, was introduced into the bore. The depth 
of the bore was sixty feet, and seven and a half 
inches diameter at top, and six at the bottom, and 
was charged with five hundred pounds of Sir Henry 
Bridge's double-strong blasting-powder. At half- 
past three, the match was lighted, and in three 
minutes the explosion took place. The report was 
not so loud as from a small piece of ordnance ; but 
the effect that was produced was highly satisfactory 
to all the scientific gentlemen present, and com- 
pletely fulfilled the expectations that had been 
conceived by the projector. At the moment of the 
explosion, the great mass of rock appeared to those 
at a short distance, to be forced upwards, and then 
to rend in large and deep fissures. It is calculated 
that upwards of twenty thousand tons of solid rock 
have been displaced by this experiment."* 

In the Umted States of America, a patent has 
lately been taken out for &cilitating the operation 
of boring rocks, which is thus described. — ^^A frame 
is made, in the centre of which an iron shaft or 
rod is caused to rise and fall vertically between 
friction rollers, so placed as to keep it in its position. 
In the lower end of the shaft, a socket is formed, 
to receive drills of different sizes. Provision is 

* EMnbmjgh Obtertfer, as quoted in the Arcana qfScimce, for 1835. 

K 
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made for placing the machine vertically by sliding 

£ieces upon each of its four l^s, which serve to 
ngthen them as may be necessary. The appa- 
ratus, for working the shaft up and down, is formed 
as follows : — A circular plate of iron, about a foot 
in diameter, has a hole in its centre, provided with 
a socket adapted to the iron rod or shaft, and 
capable of being secured at any part of it, so that 
the plate will stand horizontally. At a little dis- 
tance from the periphery of this plate, an iron 
spindle crosses the frame ; upon this spindle are 
Ufters, which, as it is turned l>y a crank, come in 
contact with the lower side of the plate, and raise 
the shaft ; friction-rollers are contained within the 
lifiters, to cause them to slide easily upon the plate, 
and their action is so managed as to produce a small 
revolution of the plate, imd consequently of the 
drill, at every lift."* 

Formation Level. — This is a subject of parar 
mount importance, inasmuch as it constitutes the 
foundation upon which the stability of the road 
chiefly depends; it is, therefore, manifest, that 
every precaution to procure its uniformity, and to 
avoid irregularities is essential. Should indenta- 
tions occur, they will act as receptacles for the 
accumulation of moisture, which will deteriorate 
the foundation of the road, and conseauently aug- 
ment the expense of maintaining it. Those defects, 
with all their concomitant evus, are yet further 
increased, should they occur where the cuttings are 
deep ; as those places are generally in shade, being 
deprived of the benefit of the sun, a circumstance 
which militates considerably against the soundness 
of foundations. 

* Journal of the Franklin Institute, as quoted In HebetVs Sngincet^e Enepdo- 
paedio, Vol. 2, p. 371. 
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Slips and Drainage. — In the formation of 
railways, an enormous expense is often incurred, 
consequent on the removal of those huge masses of 
earth termed sKpSj which burst from the sides of 
the excavations ; die baneful effects of which, it is 
presumed, have been noticed even by the most 
cursory observer. It may be necessary to remark, 
that tue fi:ee-working blueish clay, so prevalent in 
this county^ (Durlumi,) which is so much inter- 
spersed with vertical fissures, is, in general, the 
most subject to these disruptions, on account of the 
water inserting itself so readily into those places. 

Drainage is one of the primary objects to be 
observed to establish a good and substantial founda^ 
tbn, whereon to form a raiboad ; it also materially 
tends to prevent the water fi-om bursting the slopes ; 
therefore, the greatest attention to it is absolutely 
necessary, as a trifling inadvertency in the outset 
will probably cause serious ulterior consequences. 

Excavations in sloping grounds being so subject 
to be flooded by the water, when escaping firom the 
ridng g^unds, particular care must be cmserved in 
diverting it from their high side, and when this 
desirable object cannot be accomplished — without 
too much expense — the water should be conveyed 
in drains down the slope into the bottom drainage, 
where convenient, or across the excavations, but on 
no pretence whatever, ought it to be allowed to flow 
down the slopes, as it is frequently the cause of 
disruptions taking place in them. And, wherever 
water is found to exist in the slopes, it is desirable 
to attain its source in the interior as soon as 
possible, and to introduce open rubble, or other 
drainage, branching in various oblique directions, 
communicating with the direct main drains/ and 
uldmately with the open side drains at the bottom 
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of the cuttings. Piling the slopes is sometimes 
judicious, as are secondary piles wound with sau^hs, 
willows, &c., but where much water is found to 
exist, draining must be considered as the only 
effectual remedy. 

The good effects of soiling and draining slopes, 
is fully exemplified on the Newcastle-upon-Tyne 
and Carlisle railway, in the great cut through the 
Cowran Hills, near the latter place ; the cut being 
upwards of one hundred feet m depth, slopes two 
to each perpendicular foot ; composed of various 
kinds of soil, and where there is not the least ap- 
pearance of slipping in the slopes. 

Dwarf- Walls.— To prevent the lower part of 
slopes in excavations, from being injured oy at- 
mospherical changes, recourse is frequently had to 
the building of what are termed dwarf-walls \ 
and where slopes are much subjected to springs, 
their introduction is very essential. The method 
consists of building walls at the foot of the slopes, 
to the height of about three feet ; or, a superior 
method, is that ot displacing part of the earth from 
the foot of the slopes, and filling the vacuity with 
masonry corresponding with tne batter of the 
slopes ; in either case, leaving apertures at suitable 
distances for the egress of the water from the slope- 
drains. This latter mode has one great advantage 
over the former, that is to say, when a disruption 
takes place in the slope, it usually slides over the 
latter, leaving it undisturbed ; whereas, the former, 
in most cases, by the same cause, would be precipi- 
tated into the ditch and intermixed with the loose 
earth. 

Measuring Works. — In measuring excavations 
and embankments, it is advisable always to pursue 
one method, which tends greatly to facilitate calcula- 
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dons and also to prevent the oceufrence of erroneous 
results, when, perhaps, there is not su£Bcient tune 
on hand to allow oi due consideration. The di- 
mensions should also be taken so that they may be 
operated upon with the least number of figures, 
combined with as little tiouble as possible; to 
obtain which, perhaps taking them in yards and 
decimal parts of a yard is as advantageous a mode 
as any ; and for calculating, two places of decimals 
will suffice for all practical purposes. 

In the annexed tablet we have both carried each 
number to four places of decimals and also in the 
third and last columns inserted the nearest two 
decimals to calculate with ; that is to say, when 
the third decimal was less than '005, it is alto- 
gether omitted, and, when it exceeds that number, 
'01 is added to the second decimal. 

One Yard the Integer. 
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When cuttings are to be of great magnitude, it 
is very desirable to measure the intended widths at 
intenneds, and carefully note them down previous 
to commencing excavating, leaiong cOTresponding 
marks at those places — ^luiowing the distance of 
each from some stationary object, such as the 
fencing — ^to distinguish them hereafter, and to as- 
certain that the slopes art excavated to the mea- 
sinred breadths. It should also be observed whether 
the surface is higher any where than at the top of 
the intended slopes, and, if so, that part above 
should be ascertamed, it being impossiole to mea- 
sure such apex when the excavation is completed. 

Should the cubical content of embankments 
have to be ascertained by measuring them, the 
ground whereon they have to be formed ought to 
be measured and marked out similar to that for the 
preceding excavations, and if the sur&ce be sloping 
transversely, sections of it should be prepared prior 
to any part of the embankments bemg deposited. 
If these instructions be attended to, much trouble 
and expense will be avoided, when the works have 
to be finally measured, as we have more than once 
experienced. 

In ordinary excavations, the cubical content of 
a chain in length will be found with the least 
trouble by the following rule : — Add each top and 
bottom breadth together, and multiply each sum 
by its respective depth. Then add their two pro- 
ducts together, and place a duplicate of the sum 
underneath, observing that it be removed one digit 
towards the left hand, (equal to multiplying by one- 
half of the length,) and one-half of the result will 
be the cubic content. 

For all the succeeding chains in length the pro- 
duct of each latter breadth and deptn is merely 
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required to be brought forward for each first 
pSdact. ^ 

RuLB 2. — In many excavations, the operation 
of measuringand calculating may be still more 
simplified, xhus, take an average dimension of 
each chain in length; add the top and*» bottom 
breadth together, and multiply that sum by the 
depth ; place a duplicate of the product one digit 
towards the left hand, underneath, and the sum of 
these two products will represent the cubical con- 
tent of eacn chain in lengtii respectively. 

tTote. — For ascertaining the cubic content of 
embankments by either of the foregoing rules, the 
operation will be precisely similar to uiat of cut- 
tings, only assuming the top and bottom breadths 
transposecU 

EXAMPLES. 

1.— Suppose a chain in length of cutting, to be of 
the following dimensions: — Breadth at forma- 
tion level, 9 yards ; depth at one end, 6*93, and 
breadth at top, 29*8 yards; and at the other 
end, 7*05, and breadth at top, 30*15 yards; 
what is the cubical content ? 

Biha. Deptha. Producta of 
Bthi. ^ Dpth. 

29-8 

90 



88-8X6'98=268-88 

80*15 
9*00 



89'15X705= 276*00 

544-88 
5448 8 



5993•68-^J=2996•84 cub. yds. 
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2. — Suppose the dimensions of the adjoining chain 
to be as follows : — Breadth at formation level, 
9 yards ; depth at the end adjoining the above 
chain, 7*05, and breadth at top, 30*15 yards ; 
and at the greater end, depth, 7*15, and breadth 
at top, 30*45 yards ; what is the cubic content ? 

Bthi. Depth. Product of 
Blhs. &. Dpth. 

Last product, 276*00 • 
30-45 
9-00 



39.45X7'15= 282'07 

558 07 
5580 7 

6138-77-f-J=3069-38 cub. yds. 

Rule 2. — Example 3. — Required the cubic con- 
tent of one chain in length of cutting, the top 
breadth being 31*2 yards; that at the formation 
level the same as in the two preceding examples, 
and the depth 7*4 yards ? 

Btbs. Dpth. Product of 
Bths. «E Dpth. 

31-2 
9- 



40-2X7 •4=297'48 
2974 8 

3272-28 cub. yds. 

When the surface of the ground slopes consi- 
derably in a transverse direction, as in the annexed 
diagram, at suitable distances, sections of the 
excavation must be made, or rather measured upon 
those taken at the commencement, (p. 55,) and 
the content found by measuring them in two 
triangles as shown on the following page. 
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Should an embankment, erected upon similar 
ground have to be measured, it is only to suppose 
the top and bottom of the diagram reversed. 




A B 26'50XC D 6-25=165-63 
C B 23'20XE F 4*00= 9280 

258 43 
2584 3 

2842*73 cubic yards. 

When there is a difference between the section 
at each end of a chain, the foregoing rules are 
not strictly mathematically correct, nevertheless 
they are suflSciently accurate for practice, because, 
having found the sectional (double) area — and per- 
haps not the most compleidy — the excavation may 
be divided longitudinally into as short portions as 
we please, whi3i will cause each result to be a very 
dose approximation to each true cubic content. 
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HAULAGE. 

Resistanot oppoMd to the Motion of Carriages upon level Rallroadt— Power, 
Speed, and Distance of a Horn's Day's Work— Quantity of Work performed 
each Day by a Horse— Weight of Earth-waggons— Specific Gravity of Earth 
—.Expenses attending Horse Power^Expense of Conveyance* per Cubic 
Yard, per Mile— The Tractive Force necessary to Ascend and Descend 
Planes, elucidated— Tables exhibiting the Useful Effect per Day of each 
Horse, in Tons and Cubic Yards of Earth, drawn one Mile ; and also the 
Expense of Haulage per Ton, and per Cubic Yard, upon various Inclinations 
of Ascending and Descending Planes— Examples showing how the Tables are 
Calculated— Method of Calculating the Gross Load, and Ubeful Etbct, that 
can be produced by any Motive Power on a Level* and on Aacending and 
Descending Planes. 

Upon a railroad in good condition, the resistance 
to the motion of such carriages as are commonly 
used, is estimated equal to the 240th part of the 
insistent weight, or 9*33 lbs. per ton ; that is to 
say, if the weight of a waggon and its load 
amounted to three tons, the traces of a horse 
drawing it would be stretched with a force equi- 
valent to 28 lbs. An ordinary horse is considered 
to exert a tractive force of 150 lbs.,* when travel- 
ling at the rate of two and a half miles an hour ; 
and the duration of his day's work at this speed is 
estimated at eight hours, or equal to twenty miles 
travelled per day. Whence we have 150X240X 
20=321 tons, including carriages, transported one 
mile per day by each horse. 

• " Mr. Sevan, wh<ue results are much more entitled to confidence than 
those of any other experimentalist, on account of the much more extended 
scale of his experiments, estimates the power of a horse at 163 lbs. being the 
mean force exerted by each horse out of 144 at ploughing."— Hebert. p. Ma 
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But for temporary lines of railway, the friction 
must be computed at considerably more than the 
preceding, on account of the subsiaing of the road, 
the quantity of extraneous matter upon the rails, 
and many other retardations incident to such 
undertakings ; moreover, the wheels of earth-wag- 
gons — ^in order to keep the carriages low — being, 
m general, smaller than the wheels of other 
waggons, causes an additional friction ; therefore, 
after making a reasonable allowance for these, and 
similar imperfections, we may, perhaps, assume 
correctly the resistance on the level to amount to 
the 150th part of the insistent weight. 

The only benefit that arises by using low wheels 
---exclusive of the facility they afford in loading — 
. being that of improving the angle of draught, is, 
in the present instance, rendered almost nugatory, 
owing to the load being conveyed in more carriages 
than one, which prevents any advantage resulting 
to the draught-line, except from the waggon im- 
mediately attached to the horse, that of the re- 
maining part of the waggons being only horizontal. 

Although twenty miles is usually assigned as 
the day's work of a horse when loaded, we may 
calculate a greater distance during the time he is 
employed in the transmission of excavated earth, 
38 one-half of the space is traversed with the car- 
nages empty. We shall, therefore, in the following 
dkiqaisitions respecting horses, estimate their day's 
work at twenty per cent, more ; equal to twelve 
mfles travelling with the load, and twelve in draw- 
bg back the empty waggons. It may be necessary 
to state that even less than twenty miles is gene- 
ally considered a day's work for common carting, 
an allowance attributable to the unavoidable loss 
of time in loading. 
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Taking the power of a horse at 150 lbs., we 
willthenhave 150x150X12=270,000 lbs. gross, 
removed one mile per day, and deducting one- 
fourth of it for the weight of the waggons, his 
performance per day will amount to 90*4 tons of 
earth transported one mile. The weight of a cubic 
yard of ordinary earth being about twenty-eight 
cwt. (19*29 cubic feet per ton, or one ton equal to 
five-sevenths of a cubic yard,) one horse will con- 
vey 64*57 cubic yards of soil one mile each day. 
Now, suppose we allow for horse-power and at- 
tendance seven shillings per day, the expense of 
conveyance per mile will amount to 1*3 pence per 
cubic yard. 

There may, and probably will, be various opin- 
ions with regard to the formula we have adopted ; 
but thus much may be said with certainty, that the 
sum of 1*3 pence per cube yard agrees very nearly 
with the results of our own practical experience. 
When the horse-power cost six shillings per day, 
the expense was usually about one penny per cubic 
yard per mile ; and 6s. : 7s. : : Id. : 1*1 7d., which 
IS only -^jjd. less than our result. 

Although we have known works of great mag- 
nitude executed at the rate of six shillings per day, 
for horse-power and attendance, yet, at the present 
time, seven shillings per day is considered nearer 
the actual average cost. 

It may, however, be proper to remark, that the 
cost of conveyance is not exactly proportionate to 
the distance ; there are certain unavoiaable contin- 
gencies where the earth is loaded, and also at the 
place of deposit, caused by hauling the waggons 
to and fro, placing and replacing them, stoppages, 
&c., the expense of which being commonly as much 
for a short distance, as for one of greater length. 
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We have already stated that on permanent rail- 
roads, the tractive power necessary to overcome 
the resistance on the level amounts to the 240th part 
of the weight moved, or 9*33 lbs. per ton. This 
resistance, caused by the attrition of the axles, and 
that of the wheels in collision with inequalities at 
the joints of the rails, conjunctively with their 
want of smoothness, is the same whether the road 
be level or inclined ; therefore, in order to draw a 
weight up any inclination, it is to be overcome in 
addition to the tendency of the load to fall down 
the plane — a tendency in the exact proportion of 
the neight of the plane to its length. Thus, a 
weight of 2240 lbs. when being drawn up an 
inchned plane of one in 240, or 22 feet per mile, 
has a tendency of the 240th part of one ton, or 
9*33 Ibd., to fall down the plane. It therefore 
requires a tractive power twice as great as a level ; 
and, in short, for every additional twenty-two feet 
per mile that a plane rises, a tractive force of 9*33 
lbs. per ton will be necessary for the ascent. It 
follows that an ascent of forty-four feet per mile 
would require three times tne force of traction 
necessary upon a level ; sixty-six feet per mi\Q four 
times that force, and so on. In other words, any 
given power would only draw one-half the weight 
up an ascent of twenty-two feet to the mile, that it 
would draw along a level ; one-third up an ascent 
of forty-four feet, and only one-fourth up an ascent 
of sixty-six feet to the mile. 

But, upon temporary lines of railway where the 
resistance upon the level amounts to the 150th 
part of the weight, it would require a plane to be 
elevated to 35.2 feet per mile to double the tractive 
power on a level ; 70-4 feet to treble it; and 105'6 
feet per mile to cause the force of traction on the 
lerel to be quadruply increased. 
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Now, it is vice versa when drawing a weight 
down a plane, by the falling tendency of the load 
assisting the tractive force in overcoming the resists 
ance, until the declination of the plane causes the 
gravitating force to be equivalent to the resistance 
upon the level ; when, of course, the weight de- 
scends by itself. 

EXAMPLES. 

1, — Assuming the friction upon the level to amount 
to the 240th part of the weight, what power is 
necessary to draw one ton, (2240 lbs.,) up an 
inclination of 1 in 320 ? 

2240-r-240th pt.=9-33 lbs., friction on the level. 
2240-7-320 =7' gravity of plane. 

16*33 lbs.=the power necessary 
to draw one ton up the inclination. 

2. — The friction on the level being equal to the 
last example, what power would draw one ton 
down the same inclination ? 

9*33 lbs., friction on the level. 
7* gravity of plane. 

2*33 lbs.=the power necessary to draw one 
ton down the inclination. 

The opposite tables exhibit the quantities re- 
moved by each horse per day, and also the expense 
of removal upon various inclinations of ascending 
and descending planes, agreeably with the foregoing 
estimation, namely, each horse exerting a tractive 
force of 150 lbs., and travelling twenty-four miles 
per day — twelve miles loaded, and twelve, drawing 
back the empty waggons.* Horse power and at- 
tendance, 7s. per day. Weight of waggons, ^th of 
gross load ; earth, twenty-eight cwt. per cubic yard; 
and resistance on the level y^^th part of the weight. 

* Except the equalised plane and that of the two following ones lo the 
table of descending planes, where the day's work is estimated at twenty miles. 
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Table of Ascending Planes. 



Aicentor 
Plane 


Quantity of Earth 


Expense per Mile, 1 


ler Chain. 


drn. one Ml. pr. Day. 


in Pence, and Decimals.] 


Inches. 


Tons. 


Cub. Yds. 


Per Ton. 


Per Cb. Yd. 


LEVEL 


90-40 


64-57 


0-929 


1-801 


0-5 


82-68 


5900 


1-017 


1-424 


1-0 


76-01 


54-29 


1-105 


1-547 


1-5 


70-40 


50-29 


1-193 


1-670 


20 


65-56 


46-83 


1-281 


1-794 


25 


61-35 


43-82 


1-369 


1-917 


30 


57-65 


41-18 


1-457 


2-040 


3-5 


54-37 


38-83 


1-545 


2163 


40 


51-43 


36-74 


1-633 


2-286 


50 


46-43 


33-17 


1-809 


2-533 


60 


42-32 


30-23 


1-985 


2-779 


8-0 


35-94 


25-67 


2-337 


3-272 



Table of Descending Planes. 



Descent of 
Plane 


Quantity of Earth 


Expense per Mile, 


per Chain. 


drawn one Mile per Day. 


in Pence, and Decls. 


Inches. 


Tons. 


Cub. Yds. 


Per Ton. 

•929 


PrCb.Yd. 


LEVEL 


90-40 


64-57 


1-301 


0-5 


96-40 


68-86 


-871 


r220 


1-0 


104-42 


74-59 


•804 


1-126 


1-5 


115-10 


82-21 


•730 


P022 


2-0 


129-54 


92-53 


•648 


•908 


2-5 


149^62 


106 87 


•561 


•786 


3-0 


179-28 


128-05 


•469 


•656 


3-168 


188-33 


134-53 


•446 


-624 


3-5 


181^22 


129-44 


•464 


-649 


40 


171-45 


122-46 


•490 


•686 


5-0 


185-73 


132-66 


•452 


•633 


6-0 


169-27 


120-90 


'496 


•695 


8-0 


143-77 


102-69 


•584 


•818 
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It is to be understood that on the ascending 
planes, the earth is conveyed up the inclination, 
while on the descending planes, it is vice versa. 

On steep ascending planes such as those in 
the latter part of the first table — ^when the road 
is firm ana safe, the gravity of the plane being 
sufficient both to counterbalance the resistance to 
the motion of the empty waggons and to cause their 
descent, conveying the horses with them — consider- 
able power may be gained, and, consequently, the 
expense of removal decreased ; but it was considered 
unnecessary to calculate that augmentation of power 
for the ascending table, on account of its results 
being intended for general purposes. Neither was 
it deemed requisite to increase the useful effect for 
the difference between drawing the empty waggons 
down the planes — or even on planes where the 
empty waggons descend by gravity — and that of 
drawing them along a level. It is sufficient to say 
that any of the quantities in the first table are equiv- 
alent to 90*4 tons of earth drawn one mile per day 
along a level ; the empty waggons returned lorming 
no part of such calculations.* 

The days' work for the second table — until the 
planes exceed 3*168 inches per chain, which equal- 
ises the draught — ^is calculated as explained in the 
second example (page 83.) The descending table 
shews the maximum effect produced on planes de- 
scending 3' 168 inches per chain (one in 250) and 
as the degree of descent increases, the diminution 
of that enect, in proportion to the sine of inclination. 
Of course, a horse can draw a greater weight down 
the latter planes in the table, than he can draw 
down the plane of one in 250 ; yet he cannot draw 

• Vide the first example p. 83. 
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80 great a weight up them, as when ascending the 
equalised plane: — hence the maximum effect pro- 
duced upon the last mentioned inclination. 

In consequence of the horse exerting a tractive 
force of 150 lbs. in each direction upon the equal* 
ised plane, we have estimated a distance often miles 
in each direction for his day's work when employed 
upon that gpradient. 

When the inclination of the descending plane 
exceeds that whereon the tractive power is equalised, 
the useful effect is regulated by the weight of the 
empty waggons drawn up the plane ; our ratio of 
waggons is computed at the fourth part of the gross 
load ; consequently, the weight of the earth drawn 
down the plane is equal to three times the weight 
of the empty waggons drawn up it, per day ; which 
latter weight is assigned in the second table for a 
horse's day's work. 

Upon the plane descending at the rate of 3'5 
inches per chain, the horse exerts a tractive force 
of 150 lbs, in returning the empty carriages, and 
91*22 lbs. in drawing them when loaded; and on 
the following plane he exerts the same power (150 
lbs.) when returning them empty, and 62' 06 lbs. in 
drawing them when loaded ; while, on the level, he 
exerts a force of 150 lbs. in one direction, and only 
37*5 lbs. in the other ; therefore, for the two de- 
scending planes, we have only estimated the same 
length tor his day's work as that of the equalised 
plane. 

On the fipradient descending at the rate of five 
inches per cnain^ a tractive power of only 12*27 lbs. 
k requisite to draw the loaded waggons ; and upon 
the last two planes in the table, the loaded waggons 
will descend by gravity, the horses having only to 
walk the distance ; as on temporary lines of railroad 

M 
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we consider it imprudent to cause the animals to 
be conveyed, lest serious accidents should befBill 
them. We have made no addition to the useful 
effect for these three planes, for the difference either 
between tibe horse exertinff a force of 12*27 lbs«--^ 
or walking one-half of the entire distance, as on 
the two last planes — and that of his exerting a fnrce 
of 37*5 lbs. when drawing the empty carriages 
along the level. 

It will be perc^ved that the firicdon of the empty 
carriages is estimated at the 150th part of their 
weight; which however is not precisely the case, 
it being rather more on account of resistance to 
motion increasing in rather less ratio than weight; 
although such mfference is scarcely perceptible in 
practice. 

We shall now proceed to explain the method of 
estimating the performance of horses, when they 
are employed upon a level, upon ascending, and 
descending planes. 

For the level plane: — 
The powerXresist. on the level=the weight drawn along 
the level. 

For the ascending plane : — 

The pr.X^t. drawn upon the level^^y^^ ^^- y^^ ^^^^^ 
resist on level+^ravity of plane '^ 

the plane. 

For the descending plane : — 

The pr.X^eierht drawn on the level ., • i ^ j , 

— r-f ; — ; : -— ; — -;^the Weight dfawii down 

resist, on level — gravity of plane — ° 

the plane. 

Note. — The effect produced upon planes of the 
above description may be calculated decimally 
with great fecility, as shown in the explanations to 
the following tables of resistance, in the latter part 
of the present chapter. 
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EXAMPLES. 

i. ^Suppose a horse be employed on a gradient 
ascencunfi^ at the rate of two inches per chain ; 
what will be the result of his day's work ? power, 
friction, &c., as stated in p. 78. 

Pr. 150X150=22,500 lbs.,=the weight drawn 
upon the level, and two inches per chain =1 in 396 
or T^^th part of 22,500 lbs. is to be added to the 
friction on the level, for gravity of plane. 

th. pt. 

22,500-4-150=150 lbs., friction on the le^el. 

and, 22,500-^896= 56*82 grav. of plane. 

206*82 lbs. total resistance. 

and, lf^|^=16,818-58 lb8.=the weight drawn 

atone timeX12 mis. tra7. loaded= 195,822 lbs. gross 
— Jth for wg8.=146,866 lbs.=the weight of earth 
drawn one mile per day. 

146,866-5-2240=65*56 tons drawn 1 mle. j)er day. 
146,866-f-3 186=46*83 cub> yds. drn. 1 mle. per day. 

7s.-«-65*56=l*281 pence per ton per mile. 

78.-f.46*83=l*794 pence per cub. yd. per mile. 

2.— If a horse be employed upon an inclination, 
descending at the rate of one and a half inches 
per chain, or 1 in 528 ; what will be the residt 
of his day's work ? Power, friction, &c., as in 
die precemng example. 

Pr. 150X150=22,500 lb8.=the weight drawn 
ipon the level ; and for the plane descendine 1 in 
528 ; T^th part of 22,500 lbs. is to be deducted 
far gravity 01 plane, from the friction on the level. 
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150 lbs. friction on the levdr 
and, 22,5004-528= 4261 gravity of plane. 

107*39 lbs. total resistance, 
then, i^?^^=:31,427-51 lb8.=the weight drawn 

lUf Off 

down the plane. 

On the level plane, the horse returns with empty 
waggons — amounting to one^fourth of the gross 
weight in the loaded direction, or 5625 lbs. — ^but 
it would require additional power to draw one-fourth 
of the above descending load, (31,427*51 lbs.,) up 
this plane of 1 in 528. Therefore, we must esti- 
mate a number of waggons drawn up this plane 
equivalent in weight to 5625 lbs. drawn on the 
level ; which, being added to the gross downward 
load, will be equal to a whole journey to and firo> 
on the level. 

Now, a power of 150 lbs. draws 22,500 lbs. 
upon the level ; hence a power of 37*5 lbs. will 
draw 5625 lbs. upon it. 

5625-M50th pt.=37*5 lbs. friction on the level. 
5625H-528 = 7*1 gravity of plane. 

44*6 total resistance. 

then, 44-6 : 37*5 : : 5625 : 4380*84 lbs.=the 
weight of the empty waggons drawn up the plane. 

and, 31,427*51 -|-4380-84=35,808 lbs.X12 miles= 
192 tons=tbe total weight drawn one mile per day. 

The weight of the earth waggons being=:to ^th 
of the gross weight when loaded ; ^th of this 192 
tons will be absorbed by returning the empty wag- 
gons, and also another fifth by the waggons carrying 
the downward load; leaving 115 tons, or 82-21 
cubic yards of earth, drawn down the plane one 
mile for the horse's day's work. 

The weight of empty waggons drawn up the 
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plane equivalent to 5625 lbs. drawn along the level 
may likewise be found in the following manner ; — 

150 lbs., friction on the level, and 
42*61 gravity as before. 
192*61 lbs., total resistance. 

and, 192*61 : 150 lbs. pr. : : 5625 : 4380 lbs.=the 
weight of the empty waggons drawn up the plane of 
ODe in 528, as on the eighty-fourth page. 
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HAULAGE, CONTINUED. 

Advantages and Disadvantages of employing locomotive and fixed madiinery, 
for the removal of earth-works— Locomotive and Stationary Bi^ine planet 
—Elucidation of that plane upon which the maximum EflRsct ia produced 
by Animal power-— Method of estimating the Average distance of leadiqg 
earth-work— Tables exhibiting the Resistance opposed to the motion of Car- 
riages upon various Inclinations of Ascending and Descending planet s alio 
Examples explanatory of their use— Tables of the Resistance of various 
kinds of Roads, and Granite Tramways— Tables showing tbB comparative 
Weights drawn, and the corresponding Expense upon such roads— Proper 
Inclination for a Descending Trade for each kind of road— Ellbct <rf the In- 
clinations, with their relative Expense— Patent axle Oreaae. and LubricatJqg 
Fluid, &c., &C. 

The several calculations in the last chapter re- 
late to horse power, which is chiefly used, when 
constructing railways, and often attended with the 
least expense ; but where works are of great mair- 
nitude, the appUcation of mecbanical power isl. 
be preferred. Where the blocks are imbeded in 
clay, or other retentive soils, in order to free the 
rails from the weight of the motive power — or where 
gradients are steep— fixed machinery is indispen- 
sable. But, where hard material can be procured 
at a reasonable expense, to form and repair the road; 
or where the earth is to be drawn along permanent 
lines, locomotive power may be introduoed suc- 
cessfully, as it is decidedly preferable to fixed msr 
chinery, on account of the greater feunlity with 
which it can be applied, as the length of cutting 
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and embankment becomes increased. It tends also 
to consolidate embankments, before fixing the per- 
manent rails. 

When the mechanical power is locomotive^ the 
maximum effect is produced on gradients where the 
draught is equalised; but) should the power hefixedt 
it wm be produced where the declination eives the 
load a preponderance of weight to descend the plane, 
drawing a rope or chain to enable the engine at the 
summit, to draw back the empty carriages. 

It has been previously stated in pa^^e 80, that the 
maximum effect of animal power is obtained on in- 
clined planes, where the tractive force is equalised : 
there & however one exception, which we now 
proceed to illustrate. 

On permanent lines, or where the road is firm, 
and can be made safe, and kept in good order, the 
maximum effect will be produced on planes where 
the loaded waggons have just the requisite gravity 
to cause their descent at a moderate uniform velo- 
city, and convey the horses with them. This, of 
course, renders a greater tractive force necessary to 
return the empty waggons ; but, at the same time, 
it must be borne in mind that on such planes 
animal labour is spared for one-half of the distance 
traversed — an advantage which tax more than coun- 
terbalances its extra exertion on returning. 

We observe, in practice, the loaded cosu-waggons 
— ^which are consiclered equivalent to 240 times the 
weight of the moving power — to descend planes of 
3*5 inches per chain rather too freely, or with an 
accelerated velocity. Hence it appears, that an 
additional elevation of plane equal to 0*2 inches per 
chain — added to the plane where the gravity equals 
the resistance on the level — ^is more man sufficient 
to gravitate them, at a moderate uniform speed. 
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But, suppose we allow the additional sine of in- 
dination of 02 inches per chain— equal to one 
in 3960 — to cause the descent of loaded wagons 
during unfeiyourable weather, and applying the 
formma to temporary lines, where the fiiction on 
the level=xJTyth part of the weight, we then have 
rgVir+TiTr=TiVTJ or a plane descending one in 
144^. 

Now, the horse by exerting a tractive force of 
150 lbs. draws a weight of 6*28 tons of eartk-wag- 
gons up the equalised plane, ten mUes per day ; he 
also exerts the same force in drawing a gross load 
of four times that weight, for ten miles down it= 
188'33 tons of earth drawn down one mile per day, 
by a tractive force of 150 lbs., exerted for the length 
of twenty miles. On the plane of one in 144*5, when 
exerting the above force, he will only draw up 4*93 
tons of earth-waggons, yet he will travel twice that 
distance, or twenty miles up the ascent with them 
per day, on account of his being conveyed down the 
plane by its gravity, and only exerting his tractive 
power of 150 lbs. in one direction. This makes 
the distance walked, and the tractive power exerted 
by the horse for a day's-work on such a plane, 
equivalent in length and draught to that of the 
equalised one. Assuming the weight of the car- 
riage for conveying the horse to amount to 6*67 cwt. 
we will then have 4*6 tons of earth-waggons drawn 
up the plane each time==338'4 tons of earth drawn 
down it one mile per day ; which is 79*68 per cent, 
more than on gradients where the draught is 
equalised. 

But, suppose one-tenth of the 338*4 tons to be 
absorbed by the additional time the horse is em- 
ployed, and for extra allowance to the attendant, 
we still have 304*56 tons of earth conveyed one 
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mile per day, by each horse, on inclinations of this 
descnption, being 61*72 per cent, more than upon 
equalised ones. We should not have resumed and 
dwelt with such apparent prolixity upon this sub- 
ject, had we not lelt that its importance merited 
moire consideration, where animal power is to be 
employed, than that it has yet generally received. 

Average Leadage. — Having ascertained the 
inclination of the road, in order to know what 
weight of earth can be drawn at one time, the next 
question which arises is the average distance that 
toe whole will have to be led. The common prac- 
tice of adding one-half of the length of the cut, 
and one-half the length of the embankment together 
for the average leadage, answers the purpose when 
the depth of uxe cut and the height of the embank- 
nent are somewhat regular ; but should they, or 
cither of them, vary in their depth or height as 
shown in the followmg section, this method is then 
incorrect. Thus, half the length of the excavation 
in page 91, is seventeen chains, and half the length 
of the embankment is fourteen, making thirty-one 
chains for the average leadage ; whereas, it is shown 
in the same page, that it should be forty-three 
chains. Now, were the cut deepest at a, and the 
extra quantity of a to be deposited in i^, the error 
would DC yet greater, as the average distance would 
not be increased by calculating it m this manner. 

It will be apparent to the reader, that by the 
quantity being increased at a and deposited m F, 
it must necessarily lengthen the average distance of 
the whole ; and, suppose the cut to be deepest at 
instead of at a, it would shorten it, and yet more 
so, were the embankment highest at c, instead of 
at F; but, by the former method of calculating, 
the average distance is in all cases the same ; it is 
therefore manifestly erroneous. 

N 
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When the quantity of earth is considerable, or a 
ereat distance to be removed, the ayera^e length 
becomes important ; and therefore it shomd be cal- 
culated witn the greatest accuracy. Those who 
are conversant with the subject easily determine a 
length suffidently accurate for practice ; but cases 
frequently occur when the precise average length 
is required, or at least a close approximation to it 
For this purpose, we would suggest the foUowii^ 
method. 

Divide the length of the embankment into sepa- 
rate portions, according to the irregularity of its 
height, as shown at JD, E, and F, and ascertain, 
rfrom the excavation tables in a subsequent part of 
this work,^ their respective cubical contents. Next 
measure tne depth of the cutting at Ay and in the 
same table it will be readily seen what length of A 
is requisite to complete D ; or, if the cut be very 
irreguldr in its depth, it may be taken in different 
lengths until they will produce a sufficiency for the 
completion of D. The parts B and C are similarly 
calculated. Multiply the cubic content of each piece 
of cut — ^by the sum of half its length, halt the 
length of each corresponding piece of embankment, 
and the whole length of each intervening portion of 
cut and embankment. Add their products together, 
and divide the aggregate by the total number of 
cubic yards in the cut, the quotient will be the 
average distance that the whole will have to be 
conveyed. 

Example. — In the subjoined section, the contents 
of the embankment are as follows, — Dy 7000 ; JS, 
17,800; and Fy 25,600 cubic yards;— their lengths 
are 12, 10, and 6 chains respectively, and the sev* 
eral portions of cutting to form the same are 
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Cubic ydi* Chftiof. 

A 7,000 and its length 15 

B 17,800 11 

C 25,600 8 

required the average distance that the whole will 
iia?e to be convey^ ? 




if 15+Z) 12=27-^1= 13^ chains. 

BW-^E 10=2l-*-J=10j chains, and will have to 
be conveyed through A, and D ; therefore 10 J+il 
15+Z)12= 37i chains. 

C8+F6=14-T-J=7 chains, and will have to be 
conveyed through JB, Ay D and E ; therefore 7+JB 1 1 
+if 15+Z) 12+i? 10= 55 chains. 

then 7,000X^134= 94500 
l7,800Xfi37|= 667500 
26,600 XC55 =1408000 

2,l70,000H-50,400=43 chns.= 
the average distance that the whole will have to be led. 

Nate. — The three multipliers 13 J, 37i, and 55 
chains, is the average distance that Ay By and C, 
iiave to be led respectively. 

In the above section C does not appear to be so 
much larger than Ay as it is in reality, on account 
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of the cubical contents advancing in so much greater 
ratio than the depth ; which may be illustrated by 
the subjoined example. One chain in length of 
cutting five feet in depth contains three hundred 
and ninety-one cubic yards; the same length if ten 
feet in depth, would contain nine hundred and four ; 
if twenty feet deep, two thousand two hundred and 
ninety eight ; anci if forty feet in depth, it would 
contain six thousand five hundred and fifty-one 
cubic yards.* Moreover, the disparity between the 
cubicid content and the depth, would be consider- 
ably greater, if the latter depth of cut was executed 
— as It should be — ^to a flatter slope. 

* Vidt first table of excavations* slopes one to one. 
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The preceding tables exhibit the risistanoe op- 
posed to the motion of a carriage on various incH- 
natioDS of ascending and desoencung planes, from 1 
in 10, to 1 in 990. They will be found very useful 
in abrid^g calculations either for horse power, or 
where {he motive power is mechanical. 

To ascertain the weight any given power would 
draw up, or down a plane : — Divide the power by 
the friction given in the ascending or descending 
tables ; addi^ as many cyphers to the power for a 
dividend, as there are decimals contamed in the 
divisor ; and the quotient will be the weight drawn 
up, or down the plane. 

Examples. — What weight will a tractive power 
of 150 lbs. draw up a plane of 1 in M0» the 
resistance being estunated=:240th part of the in- 
sistent weight ? 

Look in the left side column of the first table, 
for 40, and for 300 at the top, and where these 
columns meet will be found the resist, *00,7ll. 

then, 150•00,000-^00,71 1=21,097 lb8.=the 
weight drawn up the plane. 

Suppose a horse to be employed on a gradient 
descending one in 250 ; that ne exerts a tractive 
force of 150 lbs., and travels twenty miles per dav, 
(ten miles loaded and ten when empty) ; the weight 
of the waggons ^th. of the gross load, and of ei^h 
28 cwt. per cubic yard. Friction on the level tJtt^ 
part of tne gross load. — What will be the result of 
Lis day's work ? 

Look in the left side column of the table in page 
97 for 50, and for 200 at the top, and where tkese 
columns meet, will be found the resistance *00267. 

then 150'00,000-S--00267r=56,180 lb8.=^the weight 
drawn down the plane at one time. 

and 56,180X10 miles loaded=561,800 lbs. — |th for 
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waggon8=421,S50 lbs. drawn one mile per day. 
and 421,3504-2340=188*10 tons dm. 1 mile per day 
or 42n»3504-3136=134*36 cu. yds. dm. 1 ml. p. day 

Note. — The actual quantity of earth drawn one 
mile per dEay by the above horse would be 188*33 
tons, or 134*53 cube yards, as stated in thie de- 
scending table (p. 79). The results here being a 
trifle less, are caused by the recurring decimal 
*002,666, which is inserted in the table -00,267. 
We have invariably throughout this work placed 
the last recurring dedmal one more when it ex- 
ceeded 5, which will answer best for all practical 
purposes; in some cases it makes the quantity ap- 
pear rather more, in some rather less, as in tms 
instance. 

When the weight which a tractive power will 
draw along: a level is &4ven to find the weiirht which 
it wiU draw op or doln any plane- ^ 

resist, of plane. ° 

power will draw up, or down the plane. 

Example. — K a horse draw 36,000 lbs. on a 
level, the fiiction bdng estimated at the 240th part 
of the we^ht upon it, what weight will he draw up 
a plane ofone in 240 ? 

In the second column of the first table opposite 
0, will be found the resistance on the level *00,417. 
Then look in the first column for 40, and for 200 
at the top, and where these columns meet will be 
found the resistance of the plane *00,833. 

then *00,8d3 : '00,417 : : 36,000 : 18,021 lbs.=the 
weight which he can draw up the plane. 

Note. — 18,000 lbs. is the exact weight which he 
can draw up the plane; the trifling discrepancy 
occurs from the cause before referred to. 
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The opposite table shows the resistance opposed 
to the motion of carriages on different inclinations 
of ascending or descending planes, from 1 in 10, 
to 1 in 990 ; whatever part of the insistent weight 
they are drawn by. Thus, to ascertain what 
weight a tractive power of 150 lbs. would draw up 
a plane of 1 in 340, the resistance on the level 
being estimated=:240th part of the weight ? 

Look in the left side column for 40, and for 200 
at the top, and where these columns meet will be 
found the resistance on the level, '00,417 (=240th 
part of the weight). Opposite, in the adjoining 
column (300) will be found the gravity of the plane 
•00,294 ; add these two sums together for the total 
resistance, which wiJl amount to "00,711. Divide 
the" given power by it, adding as many cyphers to 
the given power for a dividend, as there are deci- 
mals contained in the divisor, and the quotient will 
represent the weight drawn up the plane. 

thus, 150-00,000-f-00,71 1=21,097 lbs.,=the weight 
drawn up the plane. 

2, — What weight would the tractive force of 150 
lbs. draw down the same plane, the friction on 
the level being equal to the above plane ? 

Proceed as in the last example, except that the 
total resistance is found by deducting the gravity 
of the plane from the friction upon the level. 

Friction on the level, '00,417 
Gravity of the plane, '00,294 

•00,123 lbs.=total resistance. 

then, 150-00,000-5-00, 123=1 2 1,951 Ibs.,=the 
weight drawn down the plane. 

3.— If a horse draw 36,000 lbs. upon the level, 
estimating the friction at the 240th part of the 
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weight upon it, what weight will he draw up a 
plane ascending at the rate of 1 in 24d? 

Resist, on lerelXffi^en fit . , . i.« i_ i^ -n ^ 

— Ti ^l reri.t.nce. ='««''* "^^^ h« WlU draw 

Up the plane. 

Friction on the level, ^^^yth part=*00,417 
Gravity of plane, sh^th part ='00,4l7 

00,834 lb8.=rtotal 
resistance, 
and, '00,834 : '00,417 : : 36,000 : 18,000 lb8.=tiie 
weight which he can draw up the plane. 
4. — Suppose a horse draws 36,000 lbs. upon a levd, 
estimating the friction as on the preceding 
planes, (240th,) what weight virill he draw down 
a descent of 1 in 340 ? 
Find the total resistance as in example 2. 
then, -00,123 : -00,417 : : 86,000 : 122,048 lb8.,= 

the weight drawn down the plane. 
Note, — This result and that of example the 
second would have been alike, but for the reason 
stated in page 99. 

5. — If a horse draws 122,048 lbs., dovni a descent 
of 1 in 340, how many pounds will he draw 
along a level. Friction as before (240th) ? 

Ota resist, xgiven w - ^-.^^ ^^^ drawn along the leveJ. 
Resist, on level ^ 

Find the total resistance as in example 2. 

then, •00.123X122.048 QQQ lbs.=the weight drawn 

•00,417 ° 

along the level. 
6, — Supposing the friction on the level to amount 
to the 240th part of the weight, and a horse to 
draw 18,000 lbs., up a plane of 1 in 240, how 
many pounds will he draw upon the level ? 
Findf the total resistance as in example 3. 
then, -00,417 : '00,834 : : 18,000 : 36,000 lbs.=the 
weight drawn upon the level. 
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Gbakitb Tramways, Pavbd and Common 
Roads. — From the evidence of several eminent 
engineers before the select committee of the House 
ef Commons upon steam carriages, in 1831, it is 
apparent that tne feet of horses are considerably 
more destructive to roads than the wheels of cam- 
i^;e8. Mr. Gordon calculated that a set of tires 
would run three thousand miles in good weather ; 
or, on the average, two thousand seven hundred 
miles ; but that a set of horse's shoes would travel 
only two hundred miles. And Mr. Macneil esti- 
mated that in drawing coaches at great velocities, 
the injury to the roads by the horses was three 
times that of the wheels. The following is that 
gentleman's estimate : — 



COACHES. 

Atmoqpherlc ctaangM SO 

CoMh-whMlt 90 

RooH'fiNC.... 00 

wo" 



WAGGONS. 

Atmospheric changes 20* 

Waggon-wheeli 35.5 

Horses'feet 44.5 

100^ 



By employing an improved dynamometer, Mr. 
M. also practicaUy ascertained tne tractive force 
necessary to draw a carriage upon different kinds 
of roads. His general results are stated to be as 
follows : — 



WEIGHT OF WAGGON. 91 CWT. 

No. 1. On Gravel road, the draught is 147 lbs. 

S. „ Broken stone surface, or old flint road, 65 

& „ Broken stone road, on a rough pavement foundation 46 

4. »• Broken stone surfMe, upon a bottoming of concrete 

formed of Parker's cement and gravel, .. •• 4« 

5, „ Well made pavement 33 
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Table exhibiting the performance of a Horse per 

day ^' and also the corresponding expense per ton^ 

per mile J upon the preceding kinds qf Roads; a 

Granite Tramway ; and upon that of a Railroad. 



Nos. and Friction 
u before. 



No. 1 
2 

3& 4 
5 

Tramway. 

Railroad' 



Pounds 
per 2] cwt. 



Corresponding 
Friction. 




In lbs. 
per ton. 


In parts 
of weight. 


140- 
61-90 
43-81 
31-43 
22-40 
9-33 


I 

16 
1 


36*18 
1 


51-13 
1 


7 1*27 

1 

100 

1 



2.M. 



Total mass 

moved 

one mile 

per day. 

Tons. 

21.43 
48-46 
68-48 

95-45 
133-93 
321-43 



Useful elTct 

drawn 

one mile 

per day. 



ExpcBM 

per ton 

permikb 

in pence. 



Tons. 

16-07 
36-35 
51-36 
71-59 
100-45 
241 07 



5-227 
2-311 
1-636 
1-178 
-836 
-348 



In the above table the power of a horse is 
estimated at 150 lbs., when travelling at the rate 
of two and a half miles per hour ; and the duration 
of his day's work is reckoned at eight hours, equal 
to twenty miles per day. We have deducted one 
fourth of the gross load for the weight of the 
carriages, and allowed for horse-power and attend- 
ance seven shillings per day. The resistance to the 
motion of carriages upon railroads is inserted at the 
240th part of the insistent weight, the friction now 
usually assigned to that species of road ; that of the 
granite tramways is inserted at the 100th part which 
IS the resistance allotted to such roads by different 
engineers ; and also by Mr. Gordon in his work 
on Elemental Locomotion^ selected from the reports 
of the Holyhead Road Parliamentary Committee. 

It should be observed that the table represents 
the maximum quantity, and, consequently, the 
minimum expense ; wnereas in the transport of 
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merchandise, it frequently happens that the car- 
riages traverse a great part of the road empty^ 
hence, a material diminution of work, which neces- 
sarily increases the rate of tonnage. 
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The opposite table shows the proper inclination 
for a descending trade upon the foregoing roads ; 
the effect produced by a horse upon mem per day, 
on a level and upon the proper inclination ; also 
the corresponding expenses per ton, per mile. The 
horses are reckoned to travel twelve miles loaded, 
and twelve emptv, per diem ; power and expense 
of horse, and weight of waggons as in page 104. 

Since locomotion on railways became of such 
importance, nothing appears to escape investiga- 
tion, nor attempts at amelioration. Anti-friction, or 
the diminishing of resistance is at all times essential, 
and in a great measure will be obtained by lubrica- 
tion. An improvement in this useful auxiliary 
has been effected by Mr. Booth, of Liverpool, for 
which he obtained a patent, on the 14th of April, 
1835. He has denominated it " the Patent Axle 
Grease, and Lubricating Fluid." These, accord- 
ing to the specification are chemical compounds of 
oil, tallow, or other grease, and water, effected by 
means of the admixture of soda or other alkaline 
substances in such proportions, that the compounds 
shall not be of a caustic or corrosive nature, when 
applied to iron or steel, but of an unctuous ^easy 
quality, easily fusible with heat, and suitable for 
^easine the axle-bearines of carriage wheels, or 
the axles, spindles, and bearing of machinery in 
general. Tne proportions of the ingredients, and 
mode of compounmng them, are stated to be as 
follow : — 

" For the axletrees of carria^^e wheels, a solu- 
tion of the common washing sooa of the shops, in 
the proportion of half a pound of the salt, to a gallon 
of pure water ; to one gallon of this solution, add 
three pounds of good clean tallow, and six pounds 
of palm oil. Or, instead of the mixture of palm 
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oil and tallow, add ten pounds of palm oil, or 
eiffht pounds of firm tallow. The tallow and palm 
oUf or either of them, and the solution as described 
must be heated togedier in some convenient vessel, 
to about 200 deg., or 210 deg. of Fahrenheit and 
then the whole mass must be well stirred or mixed 
together, and continually agitated, until the com- 

g>sition be cooled down to 60 de^. or 70 deg., of 
ahr., and have obtained the consistency of butter, 
in which state it is ready for use. 

The patent lubricating fluid, for rubbing the 
parts of machinery in general, is thus made : — To 
one gallon of the aforesaid solution of soda in 
water, add of rape oil, one gallon ; and of tallow 
or palm oil, one quarter of a pound. Heat them 
together to about 210 deg. of Fahr., and then let 
the fluid composition be well stirred about, and 
agitated without intermission, until cooled down to 
60 or 70 de^., when it will be of the consistence 
of cream. If it be desired thicker, a little addition 
of tallow or palm oil renders it so."* 

• Hebert, p. 574. 
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EMBANKING. 

OfittainingElevatioDtby Embankments and ViaducU— Their Advantaget 
ttd Dindvantages-— Victoria Bridge, on the Durham Junction Railway- 
Croft Skew-Bridge, on the Great North of England Railway— Oucebum, 
ud Willington Dene Viaducts, on the Newcastle-upon-Tyne and North 
Siields Railway— Quantity* Nature of Material, and Angle of Repose of 
hnbenkments— Batters of Slope explained— Foundations— Drainage— Im- 
poflKt method of forming Embankments— Remedy Proposed— Embanking 
is Layer»«-Mode of Expeditii^ the Unloading of excavated Earth— Curvi- 
iinear form of Embankments— Embanking upon and adjoining Masonry- 
Mode of Counteracting the Pressure of Embankments, when passing over 
Tunnels or other Masonry— Obstructions in crossing Valleys— How avoided 
-Self-acting inclined Planes— Stationary Engine Planes— Endless Ropes— 
Inclinations for Animal Power— Equalised Inclination— Expense of unload- 
ing excavated Earth— Expansion and Contraction of Soils— Deterioration 
of Earth- works— Preservatives for Earthen Mounds — Slopes— Draining slopes 
of Mounds— Wolverton Embankment, on the London and Birmingham 
Railway in a state of Combustion— Cause of its becoming Ignited— Earth*: 
waggons— Side, and Revolving-waggons, dec. dec. 

On undulating surfaces, there are often very for- 
midable summits to be attained; there is also a 
diversity of opinion relative to their construction ; 
whether they are more practicably surmounted by 
embanking, than by adopting the viaductal form. 

It is almost superflous to say that embankments 
are preferable, where a depository is wanted for the 
produce of the cuttings. They are indeed to be 
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preferred at any timei if the altitude is not great, 
even though there be a deficiency of earth, and a 
necessity for its being procured exclusively for 
their formation — provided that the space underneath 
is not required for some useful purpose. 

But, as elevations are increasea, embankments 
lose their superiority over viaducts in a quick ratio, 
and are very soon entirelv superseded by the latter. 
This is chiefly to be attnbuted to the rapidity with 
which the sectional area of embankments is increased 
as they become elevated, and the enormous quantity 
of land they then occupy. These increasing effects 
are not experienced if tne summit is attained by a 
viaduct, there being the same quantity of material 
contained in the arches, spandrels, approaches, and 
every part above the springing of the arches, what- 
ever tne altitude may be. Of course the piers, 
abutments, and retaining walls, below the spriimin^g 
will increase, even in greater ratio than their height 
owing to an increase of base being requisite for an 
increased height ; yet the additional quantity ap- 
pears as nothmg contrasted with the augmentation 
of embankments equivalent in altitude. 

There have been lately erected, in the North, 
four splendid structures for the purpose of carrying 
railroads across the rivers Wear and Tees, and 
those of two deep ravines near Newcastle-upon- 
Tyne. The first one alluded to is upon the Dur- 
ham Junction Railway ; it is erected over the river 
and valley of the Wear, about six miles to the 
south-west of the town of Sunderland, and is dis- 
tinguished by the very popular appellation of the 
" Victoria Bridge." Its extreme length is 930 
feet ; height from the bed of the river to the crown 
of the arch, 130 feet ; and breadth across the soffit 
of the arch, 23 feet.* The bridge contains four 
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semicircular arches, the span of the two centre 
ones beinff 160, and 147 feet respectively ; and the 

Kn of t£e two adjoining arches, 100 feet each, 
ere are also three small arches of twenty feet 
span, at each end of the bridge, which contribute 
much to the lightness of the structure. The depth 
of the voissoirs in the two lar^e arches, is four feet 
six inches ; and of those in the one hundred feet 
arches, four feet. There were used in the building 
of this bridge, eight hundred thousand cubic feet 
of stone, procured from the great Pensher quarry, 
theproperty of the Marquess of Londonderry. 

Your miles to the south of Darlington, a skew- 
bridge is now erecting, in order to preserve the 
necessary elevation of the Great North of England 
Railway, across the river Tees, into the county of 
Dnrham. This bridge will be of considerably less 
iqagnitude than the preceding one, yet it is well 
deserving of attention, owing to its great obli- 
quity ; the angle of intersection with the river 
being equal to forty degrees. The bridge will 
contain rour segmental arches, the versed sine or 
height of which will be fourteen and a half feet ; 
andforty-six feet span at right-angles, or sixty feet 
on the oblique face. 

There also have been two ingenious structures 
erected recently upon the Newcastle-upon-Tyne 
and North Shields Railway. The first is over the 
Ousebum valley, near the former town. Its length 
is 910 feet, and the height of the roadway is 108 
feet above the bed of the rivulet beneath. The 
riaduct is composed of timber, except the piers, 
abutments, and two arches at each end of it, which 
are of stone. Over the principal part of the valley 
extend five noble semicircular arches, three of 
which are 116 feet span, and the remaining two 
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114 feet each. There are three laminated ribs^ 
twenty-two inches broad in each arch, composed oK 
fourteen layers, exclusive of the capping, of three* 
inch deal, in lengths of from twenty to fortyndx: 
feet each, forminep a sectional area of nearly six and 
a half feet to each rib, or nineteen and a quarter 
feet to each arch; which, together with the cap- 
ping, make upwards of twenty sectional feet to 
each arch. At the west end of the viaduct there 
are two stone arches of 43 feet span, and at the 
east end, two of 36 feet span. The platform is 
supported across the hauncnes of the arches by 
diagonal and other braces, abutting each other in 
vanous directions, which both tend to counteract 
the Jateral and vertical thrusts of the arches ; and 
the structure altogether forms a very complete 
specimen of constructive carpentry. 

The other erection to which we alluded is a via- 
duct over the Willington Dene, a few miles east of 
the preceding one, and upon the same railway. 
The length of this structure is one thousand and 
fifty feet, and from the surface of the stream 
beneath, to the under side of the railway is eighty 
feet. It contains seven semicircular arches, five of 
which are 120 feet span, and two 110 feet span 
each. 

The construction of embankments, as well as the 
requisite quantity of material, will depend upon 
various circumstances, such as the nature of the 
material, and of the substratum or foundation upon 
which it is laid. The height is also of importance, 
for the angle of rest sufficient for an embankment 
of fifteen or twenty feet in height will be quite in- 
adequate for one (composed of the same kind of 
material) of fifty feet ; tnis is especially to be ob- 
served when forming the bottom part of clay em- 
bankments. 
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Embankments formed of coal, rubble stone, sand, 
or other materials which do not retain water in their 
fissures, are firmest upon the least base, particularly 
the first, which are much used in the mining^ districts, 
being {frequently formed of a slope of one norizontal 
to every foot perpendicular, or an angle of forty-five 
degrees. But, for clay embankments, those partly 
composed of clay, or other absorbing materials, of 
the altitude of about twenty feet, a slope is requisite 
of one and a half to one, or an angle of 34 degrees 
with the horizon; and where they are required of the 
height of fifty feet or upwards, it is advisable to 
form them with a slope of two to one; in some 

\ cases even flatter. 

I In embanking, if the slope be stated as 1^ to I ; 

I 2 to 1, &c. ; it IS understood that the latter number 
represents the perpendicular height. In excavating, 
it denotes the perpendicular depth; and both figures 
are always to be regarded as of the same denomina- 
doD, feet, yards, &c. &c. But in rock excavations, 
as in masonry, the batter of slope is generally ex- 
pressed by so many inches (horizontal) to each per- 
pendicular foot or yard. 

Foundations. — When an embankment is formed 
upon a foundation which shrinks by its pressure, it 
is advisable to make it considerably broader than 
when on firm ground, as the mound by descending 
forms the base of one of far more then its apparent 
elevation. If this method were observed, it would 
tend to prevent those vast disruptions from taking 
place, during the time embankments are subsiding, 
which are chiefly attributable to the narrowness of 
their base. 

An inferior foundation may be much improved 
by placing hurdles, wound witli thorns or willows, 
ondemeath the mound ; but, where the weight is 

Q 
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extreme, the inferior matter will be displaced by the 
gravity of the mound, until a part of it comes in 
contact with the more dense foundation, and the 
whole becomes stationary on the sides, by the su^ 
perincumbent and lateral pressure. 

Dry and firm foundations being at all times so 
desirable whereon to construct embankments, re- 
course must be had to drainage for their security. 
When the ground is of a sloping direction, or ascends 
from the end of the embankment (as is the case after 
reaching the deepest part of a valley) it is indispen- 
sably necessary to prepare sufficient drainage, to 
f>revent the water which descends firom the high 
ands, from accumulating at the foot of the embalm- 
ment ; a frequent cause of great inconvenience and 
expense. And when the sur&ce slopes transversely, 
before any part of the embankment is deposited, 
there ought to be a proper drain cut on tne high 
side to keep the foundation dry. If this be omitt^, 
the mouna invariably shrinks, by the water fil- 
trating through underneath, frequently splitting 
and carrying away large portions of the earth from 
the low side ; an injury only to be repaired by great 
additional outlay. 

In crossing abrupt places, such as the sides of a 
ravine, the foundations ought to be carefully ex- 
amined, such spots being often liable to outbursts 
of water. If indeed mounds of ^reat magnitude 
are formed upon them without their being first 
properly drained, the pressure causes the water in 
escaping to intermix with the soil ; and experience 
teaches us that, when retentive earths are once 
thoroughly saturated with water, slipping will com- 
mence, and a great length of time must elapse 
before their ultimate consolidation is effected. It 
might appear disingenuous, or we could have given 
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afew examples of the malformation of embankments, 

by way of illustration. 

Embankments of ^reat altitude, when proceed- 
ing at their full height, are attended with a constant 
slipping at the face, or place of delivery ; owing 
to the subsiding of the material and the aggrega- 
tion being obhque; thus causing an enormous 
expense to be mcurred by derangements to the 
lails, as well as frequent stoppages to the work. 
Iq order to obviate this, and to attain some facilities 
sabsequently explained, we would suggest that the 
lower part of such embankments should be formed 
in a succession of layers of about eight feet in 
depth ; the thickness of the upper layers to be 
mcreased regularly, until the proper elevation is 
attained. Of course, the thickness of the layers 
would have to be somewhat modified by the firmness 
of the foundation and the nature of the material 
composing the embankment. By adopting this 
method the aggregation is rendered comparatively 
less oblique, and the larger particles are depositea 
and intermixed in each layer with a more eoual 
distribution throughout the whole mass, instead of 
being collected together in an open and loose man- 
ner at and near the base of the embankments, as 
is the case when they are formed of one height. 
When proceeding down a declivity with a mound, 
embanking in layers is indispensable, in order to 
take the best precaution for avoiding those great 
disruptions wnich so frequently occur in some 
places, and are so very detrimental to the perma- 
nency of embankments. 

When railways have to be expeditiously formed, 
the difiiculty is not experienced in the cuttings, (for, 
by operating in layers and gullets, excavating is 
almost unlimited,) but at the end of the embank- 
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ment — a difficulty consequent on the discharge of 
the excavated earth. On several accounts, we 
most strenuously advocate the embanking in layers, 
as it possesses pecaliar advantages for racilitating 
delivery, since, oeing formed to the full breadth of 
the emoankment, the number of deposits are ne- 
cessarily increased, especially in the lower layers, 
a circumstance which it must be acknowled^ is 
a great desideratum. Many obstacles indeed are 
thus more easily surmounted. In crossing over 
tunnels or other masonry, the risk of counteracdng 
the pressure of the embankment is diminished, and 
altogether it may be reasonably inferred that much 
expense may be avoided by its adoption. 

It will be advisable at the commencement of 
the work to form the base to the extreme breadth 
of the intended embankment ; and also, during its 
erection, jto make every succeeding layer corres- 
pond with the slope underneath, and regular on 
the top ; as pieces laid on the sides of a mound rest 
upon an oblique base, and invariably shrink from 
that part previously made, ultimately requiring a 

freater breadth of base than would nave sufficed 
ad they been constructed as recommended. Al- 
though the slopes are originally made with a 
straight batter, they subsequently become curvi- 
linear, and the embankment rather convex on the 
top, being the natural shape of earthen mounds 
wnen they have subsided. 

Embanking near Masonry. — Adjoining ma- 
sonry, earthen mounds ought to be carefully 
deposited and rammed in layers of about nine 
incnes in thickness, to prevent the action of the 
soil, during its subsidance, from injuring the work. 
Indeed, in some situations, where mounds are 
formed upon masonry, the whole superincumbent 
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mass ought to be consolidated as deposited thereon. 

When the upper part of a tunnel, underneath an 
embankment, is erected above the adjoining surface, 
a quantity of the best material ought to be firmly 
rammed against the exposed masonry ; and, if the 
tannel has to sustain much pressure, there ought 
to be a few feet (\n depth) of earth firmly punned 
upon the top of tne tunnel, which tends greatly to 
prevent the subsiding of the embankment proving 
injurious. And when crossing over tunnels with 
the lower layers of an embankment, especially if 
the masonry is above the adjoining surface, it is 
absolutely necessary that a sufficiency of earth be 
deposited on the side of the tunnel opposite to the 
approaching embankment, to counteract its pres- 
wire and prevent it from displacing any of the 
masonrv — an evil which, if not prevented, destroys 
the coherence of the mortar, and impairs the 
strength of the whole structure. 

Crossing Valleys. — When crossing over a 
yalley it sometimes happens that the necessary 
erections cannot be completed in sufficient time to 
allow the method of embanking stated in the last 
j)age being carried into eflFect, except by a delay of 
the earth-working for some time. In order to 
avoid this alternative, the mound is either brought 
forward towards the valley at its full height, or, 
after having descended for a certain distance, it 
proceeds on a lower level towards the point of 
stoppage, occupying, as it advances, the breadth 
allotted for the railway. The self-acting, or what- 
ever kind of plane is hereafter used for conveying 
the earth to the bottom of the valley is therefore 
oompelle<l to be formed on the surface by the side 
of the before-mentioned embankment, which both 
impedes the progress and causes additional labour 
at the several depositing branch-lines of railway. 
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It is always very desirable to have the necessary 
erections completed in time to avoid either delaying 
the earth-works or forming embankments, as de- 
scribed in the preceding paragraph. When this 
desirable object however cannot be accomplished, 
it will often be preferable to postpone eartn-work- 
in^ until the above works are completed, which 
will ^eatly tend to £Eu;ilitate embanking afterwards. 
At the same time it must be observed that the 
declination and length of surface between the level 
of cutting and embankment, and the place of ob- 
struction will materially modify the question. 

Inclined Planes. — Gravity being the most 
economical first mover applicable to railroads, 
self-acting inclined planes ought to be introduced 
for the removal of the excavated earth from the 
upper to the lower layers ; a sufficient descent being 
provided to return the empty carriages during 
unfavourable weather. 

When the quantity of earth to be removed is of 
great magnitude, and there is not the necessary 
preponderance of weight to work self-acting in- 
clined planes of convenient length, stationary steam 
power may be made available ; in which case, the 
planes need only have sufficient descent to cause 
the loaded waggons to descend, drawing a rope to 
return them with when empty. Should the planes 
be worked by endless ropes, their inclination is 
immaterial, unless, indeed, the distance be great, 
when this latter method is very objectionable, 
owing to the extra weight and wear of the rope, 
and tne enormous friction caused by its windmg 
about the wheel at the extremity of the plane ; 
circumstances productive of great additional ex- 
pense. The planes may be so constructed that 
after the loaded waggons have descended by gra- 
vity, the empty ones may be returned by animal 
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power. We may add that an iaclination of one in 
tliirty-seyen womd enable an ordinary horse, when 
exerting a tractive force of 150 lbs., to ascend it 
with two empty waggons of twenty hundred-weight 
each. 

Havinff arrived at the foot of any of the before 
mentioned planes, the base and each succeeding 
layer, where practicable, ought to proceed with an 
uniform descent towards the place of delivery of 
3*168 inches per chain — estimating the resistance 
upon the level equal to the one hundred and 
fiftieth part of the insistent weight, and the weight 
of the waggons equal to one-fourth of the gross 
load — so that the tractive power would be equalised 
and the excavated earth drawn to the place of de- 
livery, with the same force that would return the 
empty carriages ; thus advantageously transmitting 
it along the proper descent by at once facilitating 
and economising the draught. 

The expense of unloading excavated earths is 
80 fluctuating, that we have frequently experienced 
a difference of more than one hundred per cent. 
When soils are intermixed with water, it, of course, 
considerably retards and increases the expense of 
discharge ; but, upon an average, about one-seventh 
of the price of excavating earth, or five-eighths of 
a penny per cubic yard, may be stated as approx- 
imadng nearly to the actual average cost. 

There is a constant alternate expansion and con- 
traction in the outer part of clayey soils, occasioned 
by the humidity of tne air, succeeded by heat and 
dryness, which fractures the crust of the slopes and 
adlmitB the rain into the interior of the embank- 
ment. The same remark, although less forcibly, 
will apply to the slopes of cuttings. In order to 
secure embankments against such external action. 
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which causes great intenial mischief, the slopes are 
often covered with a layer of soil, previously takeo 
from off the base of the mound, and sown.widi 
mss ; the soil beine deposited on the slopes as 
lightly as possible. We consider that the method 
recommended in the Gardene/s Gazette to pre- 
serve potatoes, a little modified, would be very 
applicable in the present instance. After explain- 
ing how they should be ridged up on the outside, 
similar to the slopes of an embankment, it proceeds 
as follows : — " Let neither a foot tread it nor a 
spade beat it, but leave the whole as light as the 
soil will admit of; but where the soil is naturally 
stiff, a greater thickness of it must be added, and 
the sides of the ridges to be left as steep as pos- 
sible, and the lighter the soil is put on, the more 
frost will it keep out. The reason is obvious 
enough, for when light soil is laid on steep rid^ 
rain never enters deeper, perhaps, than two or three 
inches, it being held in a kind of solution with the 
fine earth by capillary attraction ; or, in other 
words, the air in tne light soil keeps the rain from 
sinking, consequently it runs down the sides of the 
ridges, and keeps the interior of the mass as dry 
as possible ; and, of course, the frost never enters 
to any great depth. When the soil is trodden or 
otherwise made firm, the air beats out of it ; every 
drop of rain enters, and sinks through the whole 
mass." 

When embankments are formed, and indeed for 
a considerable time afterwards, the water often 
penetrates them from the top^ but when it reaches 
parts of more firm and compact formation, being 
nearly prevented from insinuating itself further into 
the heart of the mound, it oozes out at the slopes. 
Hence that doughy state, so often observable at 
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^ous heights, in the slopes of embankments. 
When such places are first noticed, drains ought 
immediately to be carefully inserted into the slopes 
that the water may escape without intermixm^ 
with the soil. Indeed, wherever water is observed 
in an embankment, means cannot be adopted too 
«oon for removing it ; and the longer draining is 
de£erred, the more disastrous will oe the conse- 
quences, and greater the expense ultimately in- 
currred in remedying them. 

When embankments are formed of clay or other 
lelentive soils, and have partially subsided, before 
covering them with the permanent ballast, we 
would recommend a layer of plastic clay on the 
top^ and also underneath the soil on the upper part 
oT the slopes, to keep the high and loose part, if 
possible, waterproof, and to avoid the before-men- 
tioned slipping and waste of material. Although 
this system would in the first instance be attended 
with extra expense, yet from our experience of the 
oionnous cost in removing slips and repairing 
breaches noade in embankments, we do not hesitate 
to say that it would eventually prove by far the 
most economical. 

As an additional security, the slopes of some 
embankments are planted with shrubs, willows, &c., 
md the roots, by inserting themselves into the 
material, unite the particles more firmly together ; 
yet they oug^ht not to be allowed to grow too high, 
v, during the prevalence of strong wmds, the upper 
blanches will of course be violently agitated, and 
acting like levers in embankments will have a great 
tendency to weaken and injure them. 

Near the coal-works the sides and tops of em- 
bankments are often covered with a layer of small 
coals, to keep the interior dry, which, indeed, 

R 
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answers the purpose remarkably well. If not de- 
posited too thick the coals are in no risk of becom- 
ing ignited, although we certainly have known 
such occurrences to take place. A rather curious 
incident of this kind happened at the Wolverton 
embankment on the Liondon and Birmingham 
Railway. "There seemed to be no end to the 
vagaries of this embankment," observe Lecount 
and Roscoe ; " there was a portion of alum shale 
in it, which contained sulphuret of iron ; this be- 
coming decomposed, spontaneous combustion en- 
sued, and one fine morning there was the novel 
sight of a fifhr-feet embankment on fire, sleepers 
and all, to the great surprise of the beholders. 
The inhabitants of the neigh Douring villages turned 
out, of course, in no sman amazement on the oc- 
casion ; and various were the contending opinions 
as to the why and the wherefore. Some said— 
Uhe company were hard up for cash, and 
were going to melt some of the rails ' ; — others, 
* that it was a visitation of Providence, like the 
tower of Babel.' At last, one village Solon 
settled the point ; — * Dang it,' said he, * they 
can't make this here railway arter all, and they've 
set it o' fire to cheat their creditors.' " 

Earth-waggons. — The chief object to be ac- 
complished when building earth-waggons, is, that 
their construction shall be firm, low, and as little 
complicated as possible ; preserving a sufficiency of 
heignt above the soles, (the firame upon which the 
fulcrum or joint for raising and lowering the wag- 
gon-body is placed) to enable the waggon to be 
elevated to tne necessary angle for expeditiously 
discharging the excavated earSb. 

A certam number of the waggons should be 
built so as to quit their load at the side ; which 
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tends greatly to £Eu;ilitate the return of the empty 
ones; thus constructed they answer all ordinary 
pmposes equally well with the revolving ones^ 
whidi deliver their load either at the sides or end ; 
they are less expensive, lower, — on account of the 
apparatus for turning revolving waggons, — and 
are also attended with less labour wnen being 
emptied. < 

Wagons of an oblong form are more steady 
than t£ose of great breadth, and are not so apt to 
transfer the weight of the lead alternately from one 
side of the line to the other, in preventing which a 
considerable tendency is gained to decrease lateral 
friction against the sides of the rails. An oblong 
waggon, nowever, requires additional height above 
the soleSf to allow of its body being elevated to the 
necessary angle for discharging its load freely ; 
both on account of its extra length, and of earth 
quitting a wide waggon more readily than a narrow 
one. In practice, therefore, it is found that a 
modification of both plans is preferable, namely, 
that of building the body of the waggons nearly 
square. 
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Of all works requisite for a railway, there is 
none so much dependent on its foundation for secu- 
rity as that of masonij. Should any part of the 
foundation prove detective after tnei fabric is 
erected, it generally causes a derangement to take 
place throughout the whole, and should that be 
once effected, it is almost impossible to restore the 
original stability. It is manifest, therefore, that 
the utmost circumspection is absolutely necessary. 
When preparing foundations in good tenacious 
soils, for the reception of masonry, it is important 
not to exceed the extreme sizes at the back of the 
intended structures ; it being difficult to make the 
spaces as solid as the natural soil, exclusive of the 
expense incurred in the operation. 
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In some instances, we have observed foundations 
superior to piled ones obtained by displacing the 
inferior material to a greater width than the in- 
tended structure, and to the full depth thereof; the 
vacuity being afterwards filled with rubble stone to 
the required height for the foundation. Indeed, 
wherever soils are weak, it is advisable to excavate 
an extra width behind the intended masonry, and 
fill the spaces with hard material as the erections 
are advanced. 

On account of tunnel foundations being so liable 
to be filled with water, and consequently their sides 
so apt to be thrown down, if cut perpendicularly — 
and it being so essential to have them thus executed, 
or nearly so — when they are to be of considerable 
length, we would recommend them to be executed 
in portions, never proceeding far in advance of the 
masonry with the mil depth. But, to expedite the 
cutting of a foundation, the upper parts might be 
executed any convenient lengtn, depositing the 
produce on tnat side of the tunnel opposite to the 
approaching embankment. By operating in this 
manner, the sides of a foundation are sooner sup- 
ported by the masonry ; the size of the excavation 
IS also comparatively diminished, which reduces 
the risk and expenses of pumping water and re- 
moving mud, by naving only to contend with such, 
in that particular lengm in operation. 

Tunnels, on account of their peculiar situations, 
have generally to support enormous incumbent 
masses of nncompact earth, therefore substantial 
foundations for their erection are of paramount im- 
portance. It is also essential to nave them so 
founded that the crown of the arch shall not be 
higher than the surrounding surface of the ground. 
By thus placing them, preparing the sides of the 
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foundation as described in the preceding paragraph, 
the adjoining ground, acting in conjunction with 
the masonry, assists to sustain the embankment, 
which would otherwise have to be borne exclusively 
by the tunnel. Besides, when tunnels are founded 
in this manner, it materially tends to prevent their 
masonry from being injured by crossing over them 
with embankments, and also protects them against 
the lateral pressure of the earth when subsidmg. 

Of Stone. — In the building of bridges, tun- 
nels, &c., the most durable materials should be 
employed, possessing the qualities of hardness, 
tenacity, and compactness, with the property of 
resisting the decomposing effects of water and of 
the atmosphere. The decay and destruction of 
stone in buildings, are attributable partly to the 
chemical changes effected by decomposition in the 
stone itself, and partly to tne action of frost pro- 
ducing disunion of parts. 

^' Decomposition takes place, when the stone 
contains parts that are more or less soluble in wa- 
ter, or which enter into combination with the 
oxygen of the air or acids in water. Iron, in dif- 
ferent states of oxydation, and in different propor- 
tions, enters into the composition of almost all 
stones, and is frequently an important agent in 
their decomposition. When stones contain pure 
iron, it rusts or oxydates, and expands so as to 
biu^t the parts asunder. The iron absorbing oxy- 
gen and carbonic acid from the air, the presence of 
moisture accelerates this kind of decomposition and 
it is always still further hastened by increase of 
temperature. 

Disintegration is the separation of the parts 
of stones by mechanical action, the chief cause 
is the congelation of water in the minute pores 
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and fissures of stones, which bursts them open, 
or separates small parts, according as the struc- 
ture is slaty, or irregularly granulated. The 
south sides of buildings, in northern climates, are 
most subject to fail from this cause; for the surface 
is ofiten thawed and filled with wet in the sunny 
part of the day, and frozen again at night. This 
repeated operation of freezing is very injurious to 
the piers of bridges, and other works exposed al- 
ternately to water and frost."* 

Mortar. — It is almost superfluous to say that 
when uniting; stones or bricks together in buildings, 
it is essentisi that the cementitious matter employed 
should be both tenacious and durable. 

The quantity of powdered lime yielded from a 
fixed measure of well-burnt lime fluctuates consi- 
derably, although the stone may have been quarried 
from the same mine. The quality of both lime 
and sand is also variable ; therefore no fixed ratio 
of the two component parts can with propriety be 
said to comstitute the best mortar. 

Bishop Watson, we believe, proved by experi- 
mentSy tnat upon an average, every ton of lime- 
stone produced eleven and a quarter hundred- 
weight of Quick-lime, weighed before it was cold ; 
but that, wnen exposed to the air, it increased in 
weight daily, at tne rate of a hundred-weight per 
ton, for the first five or six days after it was drawn 
from the kiln ; owing to its gradual absorption of 
carbonic acid. 

When slaking lime, a small portion only ou^ht 
to be in operation at the same time; and when 
wetted, immediately covered with sand, observing 
that the whole operation should be as rapid as 

• The above* and the two qu'^tations in the following article, (Mortar,) are 
cxtncted from Kelly's "Practical Mtuonry. 
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possible. This method prevents the gas, or strength 
of the lime, from escaping, and by the sand and 
lime being thus mixed, it tends greatly to facilitate 
the labour of incorporating them together, wfaen 
bein^ reduced to the consistency of mortar. 

^^ It is universally allowed that the hardness of 
mortar depends on the crystallization of the lime 
round the other materials which are mixed with it; 
thus uniting the whole mass into one solid sub- 
stance. But, if a portion of the materials be clay, 
or any other friable substance, it must be evident 
that as these friable substances are not changed in 
one single particular, by the process of being^ mixed 
up with lime and water, the mortar, of which they 
form a proportion, will consequently be more or 
less of a friable nature, in proportion to the quan- 
tity of friable substances used in the compod- 
tion of the mortar. On the other hand, if mortar 
be composed of lime and good sand only, as the 
sand is a stony substance and not in the least fria- 
ble, and as tne lime, by perfect crystallization, 
becomes likewise of a stony nature, it must follow 
that a mass of mortar composed of these two stony 
substances, will itself be a hard, solid, unfriable 
substance." It is therefore obvious that if the 
matter interposed between the crystals of the lime 
be composed of soil, the scrapings of roads, or any 
other brittle substance, the mortar will necessarily 
be very imperfect and friable. Consequently these 
substances ought to be rejected, and clean sharp 
sand, rather course, composed of hard, angular, 
quartose particles, should be introduced. 

" When lime has been long kept in heaps, or un- 
tight casks, it is reduced to the state of chalk, and 
becomes every day less capable of being made into 
good mortar; because, as the goodness or durability 
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of the mortar depends on the crystallization of 
the lime, and, as experiments have proved that 
lime, when reduced to this chalk-like state, is 
always incapable of perfect erystaUization, it must 
follow that as lime in this state never becomes 
crystallized, the mortar of which it forms the most 
indispensable part will necessarily be very imper- 
fect ; that is to say, it will never become a solid 
stony substance, a circumstance absolutely required 
in the formation of good durable mortar." 

Grouting is very essential for procuring solid 
masonry. The lime, when quick, should be mixed 
with water to a proper consistency, and poured 
while hot upon each course, which renders solid 
all the interstices between the stones or bricks, 
and thus unites the whole mass together. It would 
appear that grouting was much practiced by the 
Romans, the efficacy of which is observable at the 
present time, many of their works having endured 
f<Mr so many centuries. 

Ashlar Work. — As all masonry, but especially 
any of inferior description, gains additional strength 
and is better adapted for resisting pressure when the 
mortar has had sufficient time to be properly set, it 
is recommendable to have the several structures 
completed in due time to allow this coherence to 
take place.* 

The size of the blocks or ashlar stones employed 
in building should be proportionate to the thickness 

^Sometlmet this desirable end cannot be accomplished. An instance of 
vkldi occurred in the neighbourhood of Durham three years ago* when astip- 
oltud quantity of work had to be executed in a limited time. The object In 
vmtkm, was to maiie a gallery for the passage through of the Durham and 
Sonderland Railway, underneath the junction of the Hetton and Elmore Rail- 
van; which task was entrusted to and performed by theauthor of the present 
*onniieb In executing the work, one hundred thousand bricks, and eighteen 
baodnd tons of stone were used ; and four thousand cubic yards or earth 
wnored. The tunnel constructed is nearly fifty yards In length, and twenty- 
two feet span. The work was executed In the course of a fortnight, being the 
int two weeks in January, 1836 ; and the writer was also fortunate enough to 
*(MinpIlsh the whole undertaking without one single accident occurring. 

S 
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of the different walls wherein they have to be 
situate, and the blocks so dbposed m the work as 
to caase the vertical joints of each stone to be 
placed as near the middle of the stones underneath 
It as convenient, so that by overlapping one another 
the whole mass may be properly connected together. 
Care should be taken to avoid either short stones 
or those of too great length, as they prevent the 
regular connection of others. No stone ought to 
be shorter than one and a half, nor yet much longer 
than three times its thickness. The former often 
causes it to be laid upon and under two stretchers; 
the latter, forming those stretchers, are compelled 
to be laid across it to make face-bond with the two 
adjoining stones — thus forming no face or longitu- 
dinal bond with the short stone. Two stretchers 
thus situated are apt to be broken by their addi- 
tional length, and also from the difficulty of giving 
the short stone its due proportion of pressure. 
Voissoirs, or arch-stones, thus placed, are particu- 
larly objectionable, and should on no pretence be 
admitted into arches having much pressure to sus- 
tain. 

Particular attention is also necessary whilst pre- 
paring the stones, in avoiding any concavity or 
twisting in their beds and joints, in order to form 
the surfaces as regular as possible. When stones 
are of great breadth it is desirable either to work 
extra draughts, that is, narrow strips coinciding 
with a straight-edge or rule used for that purpose, 
along and across their beds ; or to work draughts 
diagonally across them. By preparing the stones 
in this manner their beds may be rendered straight 
and level, and their setting accomplished without 
the aid of pinnings; thus securing to each bed an 
uniform bearance for its whole area, which also 



BRICKLAYING. 131 

tends greatly to prevent the stone from flushing — 
becoming fractured at and near the joints. Flush- 
ing, however, is often partially avoided by rusti- 
cating the joints ; embracing at the same time an 
improvement in the appearance of the masonry. 

Block-and-course work is a species of serviceable 
masonry much used in the building of occupation 
bridges, small tunnels, walls, &c. It is externally 
composed of stone, in courses of from five to ten 
inches in thickness; eight to twenty inches in 
breadth ; and in lengths of from eight to fifteen or 
twenty-four inches. At intervals these stones are 
eonnected with the interior of the wall by bond- 
stones similar in thickness, containing from eight 
to twelve superficial feet each, according to the 
breadth of the wall, and constituting about one- 
rixth of the whole cubic content. The interior 
and back part are composed of common rubble, 
which should be well connected together, and also 
to the stones in front; but no course or layer 
should ever exceed fifteen inches in height, until 
the whole breadth of that part of the wall is com- 
pleted. 

Bricklaying. — This art is of the greatest an- 
tiquity, appearing indeed coeval with the existence 
of the human race. It is at least an antedeluvian 
invention, as we are distinctly told that bricks were 
employed in building the tower of Babel ; some- 
where about the year a. m. 1758.* 

* " Anfl they said one to another, go to. let us make bricks and burn them 
■Onmghly. And they had brick for stone, and slime had they for mortar." 
iUUog bricks was aiso one of the laborious Indignities Imposed on the 
Inelnet during their servitude in Egypt, according to the following passage: 
-^* Ye shall no more give the people straw to make brick, as heretofore; let 
am so And gather straw for themselves. And the tale of the bricks which 
mj did make heretofore ye shall lay upon them ; ye shall not diminish ought 
tkcraof." Now, it is doubtful whether the bricks In this process were actually 
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- .r«~-~ to the action of fire, as may appear to be implied by the literal text, 
er merely diied in the sun; the latter is however the most probable, because. 
*v<o at the present time, sun-dried bricks are extensively used throughout 
the East. 
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Bricks may be considered as a kind of £EU^titious 
stone. They are composed of argillaceous or clayey 
earths, well tempered during the winter months, and 
afterwards formed in moul(&, and dried in the sun, 
previous to being burnt. Bricks are very generally 
employed in public works, and if composed of 
dense adhesive particles, and properly burnt, are 
very durable. 

Bricks are subject to many imperfections, such 
as vacuities caused by mixing the clay with small 
coal and partially burnt cinders which have escaped 
through tne grates ; these, being combustible, cause 
perforations m the bricks when in the act of bum^ 
ing. The existence of limestone in bricks is also 
very prejudicial, but may easily be discovered by 
immersing them in water, the admixture to any 
injurious extent, being then rendered very obvious. 

The surfaces of bricks are very subject to be 
covered with loose earthy particles, which prevent 
the mortar from adhering; but in order to free 
them from such impurities they should either be 
put in water, or have quantities of it thrown upon 
them prior to their being used. Additional strength 
is thus obtained, for, by cleansing the bricks, the 
mortar adheres firmly, and unites the whole to- 
gether, forming one solid mass throughout. In 
arching, wetting the bricks is not only essential, 
but also tends greatly to facilitate their laying, 
especially in the central part of arches, where the 
courses* become nearly vertical. 

Brickwork should be made of so many bricks in 
breadth, and not specified in feet. The back of a 
battering wall ought to be kept in parallel planes 
with its face, reducing it regularly by scarcements 

• The whole of the bricks in a laver of the thickness of one brick constitute 
a course of brickwork. The same will apply to a wall, whether the bricks are 
laid parallel with the horison or otherwise. 
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at the back; and walls tapering longitudinally 
ought to have their breadth reduced in the same 
manner, in order to prevent refuse pieces of bricks 
being inserted m every course. 

A g^reat defect in the laying of bricks is the not 
m(»tarin^ the joints of the outside bricks to their 
full breadth, and the headers to their full length ; an 
omission wluch allows the wet and frost to penetrate 
into the interior of the wall ; producing those evil 
consequences so ofiten observable in the interior of 
dwelling-houses. 

The disposition of bricks in a wall ought to be 
so regidated that the extremities of no two laying 
contiguous to each other shall coincide, but, that 
the extremities of each brick shall stretch half way 
alon^ the sides of those adjoining to it ; and that 
all the bricks in the same course, or layer, shall lay 
m the same direction. The best method of se- 
curing this re^lar connection exists in what is 
termed English bond^ which consists of one course 
of stretchers and one of headers alternately; the 
stretchers being the bricks which have their lengths 
disposed in the wall longitudinally, and the headers 
those having their lengths laid in the thickness of 
the wall. Every alternate outside header, on both 
sides of the wall, being only half the length of a 
brick, in order to connect the external heading 
bricks with those in the interior of the same course ; 
thus rendering the half bricks available in producing 
bond. Adjoining the head of each quoin-brick, and 
diagonally through the courses to the interior angles 
of each returning or cross- wall, pieces, one quarter 
of the length oi a brick, are necessary to prevent 
the occurrence of what are termed straight joints on 
the fiM5e of the wall, and also to preserve the con- 
tinuity of bond at those intersections. 
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It is almost superfluous to say that bricks forming 
the frustrum of a wedge — usually termed radiating 
bricks — are the best adapted for constructing arches ; 
common bricks, having their beds in parallel planes, 
cannot strictly be considered as constituting any 
part of arches. But, there being generally a great 
aiscrepancy in the thickness of common bricks, by 
carefully selecting them, and procuring bricks from 
different kilns, we obtain them of various thick- 
nesses; hence by laying the thin bricks at the 
intrados, the thicker ones behind, and those of the 
greatest thickness at the extrados, we obtain — 
without additional mortar — arches of great strength 
and durability. This is the method commonly 
resorted to, in practice, and which is found to 
answer the purpose even under embankments of 
great altitudfe. 

But, when arches are of small diameter, the above 
method becomes inapplicable; and if radiating 
bricks are not used, the arches are either composed 
of distinct rings of brick-work, or extra rows of 
bricks are introduced into the interior and back part 
of the arches, and bonded together, at intervals, 
where any two rings of brickwork happen to coincide. 

In arching with distinct rings of brick- work, it 
is indispensably necessary to use every precaution, 
such as avoiding extra thickness of mortar, irregu- 
lar keying of arches, &c., in order to give to each 
distinct ring its due proportion of pressure, so that 
they shall act in unison with each other; and, compa- 
ratively speaking, the component parts thereof con- 
stitute only one ring. 

When connecting two rings together, as adverted 
to in a former paragraph — especially should many 
courses of bricks intervene between the places 
where they are bonded — ^we would recommend, in 



TUNNELS. 



135 



general, the bonding them together with two single 
rows of headers, laid immediately upon each other ; 
the upper headers crossing those underneath half 
the breadth of a brick, longitudinally ; we urge 
this, conceiving that the thickness of one brick is 
often inadequate to bond two rings securely ; for, 
when the arch becomes loaded, a trifling deviation 
of form takes place, which has a great tendency to 
snap in two the bond bricks at those places. 

The pressure against the retaining walls of 
bridges erected in deep excavations, is immense, 
often altering their position, fracturing, and ulti- 
mately rendering the structures very insecure. In 
such situations it will be prudent to dispense with 
the building of retaining walls, and erect the 
bridges with piers and arches, as shown in the 
subjoined elevation; which not only greatly re- 




duces ' the pressure against the before-mentioned 
walls, but renders the structures superior in appear- 
ance, and is accomplished also without incurring 
any additional expenditure. 

In erecting such bridges, it is a good rule to 
observe that the height of the arches must not 
exceed that of the piers : where the latter are of 
great elevation, semicircular arches may be intro- 
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iluced to advantage ; but where bridges are eieuUd 
in sliallow cuttings, the lower kind of arches m ■ 
prefemble ; indeed, piers sf any elevation may con- 
^tently be surmounted with the latter. 

When a communication is required underneath 
an embankment of great altitude, it is desirable to 
erect the arch nearly to the extreme breadth of ik 
embankment, to avoid a necesdty for retaining or 
wing walls ; these being very apt to be fractured 
by the lateral pressure of tne mound whea sub- 
siding, and not unfrequently thrown over when a 
disruption takes place in the mound. 




In circular tunnels, we have frequently observed 
the masonry of the upper part of the arches 
seriously injured by the superincumbent earth, 
especially underneath the centre of embankments; 
a circumstance obviously caused by the pressure on 
the arches being unequal. Serious defects arise 
also from inverts having too little curvature; 
indeed, so much so, that in some cases, inverts 
have risen up in the middle, which allowed the 
bottom part of the side walls of the tunnels to be 
forced in. Wc have been thus induced to believe 
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that by making those erections of an oval or egg- 
shape, similar to that represented in the preceding 
transverse section, the unequal pressure on the 
quarters before alluded to, and on the sides of the 
tunnels, would be materially diminished if not 
entirely avoided ; and perhaps cause the resultant 
of the different pressures to become nearly concen- 
trical. We have therefore adopted this plan under- 
neath embankments, some of which were upwards 
of sixty feet in altitude, and the results were in 
accordance with our anticipations* 
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Good close hedges are very essential adjuncts to a 
railway, and if properly planted and in a thriving 
condition, nothing more decidedly improves its 
finished appearance. 

When a line of railway has been staked out, we 
would recommend that only the fence railing 
should be erected, until the excavations and em- 
bankments are completed ; as a young hedge is so 
apt to be trodden down, and the quicksets de- 
stroyed, whilst such works are in operation. 

Advantage ought to be taken during open sea- 
sons, say from October to February, or until the 
middle of March, to plant the quicks before the sap 
rises ; and it should be observed that young hedges 
ought always to be kept clean ; no weeds being suf- 
fered to grow amongst them, especially for the first 
three or four years. 
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Along tlie tops of escavalioiis the (juitks should 
Iw set near the surface, haviiij^ a good mound above 
Ihem to afford moisture to tneir roots ; Itut at the 
foot of embiinkments they ought to be a little ele- 
vated, as ii preventive of excessive damp during 
winter. They ought aUo to be placet! on the 
vutside of the mound, in order that the latter may 
form a barrier to secure the plants from occasional 
slippings of the embankment. Quicks, three years 
transplanted are decidedly t!ie best. They certainly 
are more costly in the hrst instance tlian younger 
Does; but eventually become by far the cneapest, 
wd ^Bo form a, Iiedge much sooner and stronger. 
We have frequently noticed the speedy growth of 
Mcb quicks when judiciously planted and carefully 
BNBCrved. At present they arc selhng at ihc rate 
tS fifteen shillings per thousand. 

The subjoined particulars relative to ii edges are 
fixtracteil from a work entitled Useful and Orna- 
*' ' \i Planting, published (1832) under the 
loteudence of the Society for the diffusion of 
\ lEDOwledge. " There are several kinds of 
which differ merely in the mode of 
x(Crat<Bgug oxycanthus.) The 
') checked in growth by 
I weed or shrub, 
It delights in a 
mp clay; and 
iration of the 
, and in the 
protect! 
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On poor sandy soils, the depth of earth for the 
reception of the plants should be made as g^eat as 
possible, and they should be placed on the top <^ 
the bank. Manure of rotten leaves, compost of 
marl or clay, and dung, ashes, or any substance 
that will enrich the hne of planting, should be 
dug in if possible for the encouragement of the 
roots of the young quick. Where the soil is damp 
and clayey, planting the thorns on the face of the 
bank is the Dest practice. The ground should be 
perfectly clean, or the cost of weemng it afterwaids 
will be considerable, and the fence will make little 
progress, if it do not fail altogether. 

The cost of the manure above alluded to will be 
amply repaid by the more rapid growth of the 
quick, saving much of the expense of weeding, 
and of filling up blanks and gaps in the hedge, 
which always accompany the rearing of this kmd 
of fence on poor or badly prepared ungenial land. 
The size of the plants deserves particular attention, 
for by planting strong three-year-old transplanted 
thorns, the success oi the fence is secured, and the 
distance of time for its completion shortened by 
three years. 

In the management of the hedges when planted, 
weeding is most essential, for u coarse grass or 
rampant weeds are suffered to mingle with the 
lower branches and foliage of the quick, the injury 
is very considerable. Tne top of the hedge should 
be kept level from the first cutting, until me plants 
have attained to the desired height. The sides of 
the hedge ought to be kept also of an even sur- 
face ; bjr shortening the side branches every year 
to withm an inch, more or less, of the preceding 
year's wood, the bottom of the hedge is maintainol 
equally thick and impenetrable with the upper 
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portion. The most generally approved form of a 
Ledge is that of the nog^a mane ; however, if the 
soil has been properly prepared, the plants selected 
of the largest size, and the keeping clear of weeds, 
and most judicious mode of pruning persevered in, 
the hedge will flourish in every shape. 

By keeping the top of a hedge level, it is not 
meant that sul the plants should be shortened in 
the leading shoot of the stem, but only those which 
overtop their thin neighbours. If this be properly 
attended to, the evil effects which follow the prac- 
tice of shortening without exception the leading 
shoots of every pmnt of the hedge will be avoided, 
as well as those which occur when the upright 
growth of any plant is left uncontrolled until it 
reach to the desured height. 

Where a hedge has been neglected, is overgrown 
and irregular, the best mode is to cut it down level 
with the soil, and then to dig the earth about the 
stumps, inserting plants of strong quick in the gaps 
where they occur. It may happen that the fence 
cannot be dispensed with, for the time the young 
shoots from the old roots require to renew the fence. 
In this case, the mode of cutting a fourth part of 
the stems to the desired height, and another fourth 
part a few inches from the ground, and warping the 
remainder with these, is found a useful practice. 

Besides the white thorn or quick, and the furze 
( Ulex Europcsus), there are many other shrubs 
which may be planted under certain circumstances 
with effect as fences. In exposed cold soils, the 
Huntingdon willow, beech, birch, and alder, may 
be used with advantage." It might be added that 
wc have sometimes observed in damp situations 
along the foot of railway embankments common 
willows planted with advantage; and that they 
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throve wonderfully and soon formed a good fenee. 

The subjoined extracts are selected from British 
Husbandry^ a useful work published in 1837} by 
the samq excellent institution. ^^ In the month of 
October, it has been before observed, the season for 
planting will commence, and this work may be 
carried forward during the winter, or until the 
middle of March. — Mark out the intended line of 
the ditch, nine inches apart from the line where the 
quick-wood is intended to shoot up. Take a spit 
of earth nine inches wide and three inches deep 
from out of the intended ditch, and invert it upon 
this space — ^lay it neat and level, cut off the Uap^ 
of the thorns two inches above the root, and, if 
needful, shorten the tap-root. Place the plants, so 
cut, four inches apart oetween plant and plant, in 
such a manner that the tops may appear exactlv 
above this ' cooping' ; cover the roots first with 
another spit of earth from the surface of the intended 
ditch, ana then sufficiently with next best soil from 
the same place ; but do not overload the roots with 
earth." 

*'A hedge planted in this manner requires, in 
order to render it a fence in the shortest time, a 
little judicious pruning. It should be considered 
that tne main strength of a hedge consists in the 
unyielding stoutness of the principal stems ; and to 
have these of the requisite strength, they should 
only be moderately pruned on each side^ cutting 
out the strongest branches, which act as rivals to 
the stem, but never topped until they have acquired 
a diametric bulk of one inch at the height of three 
and a half feet from the ground. When uiis strength 
of stems is obtained, the hedge is complete as a 
fence against all kinds of cattle which are not high 
leapers, and will so continue for many years, with 
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^c Other labour than what may be annually given 
^7 a keen trimming-hook, or by shears, to keep it 
4^m uselessly spreading. 

Many fine young hedges are ruined by being too 
^fk^uently heaided down at dijSerent heights in their 
^outh. It should be remembered that every mdi- 
"Vidual thorn in a hedge is like a single tree planted 
on a lawn, both of wmch are wisheato rise into full 
strength and stature as soon as possible ; but this 
'result can surely not be obtained by repeatedly 
cutting off the head of either one or the other, 
l¥hen a sufficient number of stems can be once 
made to rise from the bottom of the quick either in 
the first or second year, the leaders should never be 
cropped till they have gained the requisite strength; 
for by so doing, a thick mass of spray is produced, 
which, to the eye, appears a barrier, and, for a 
&hort time a fence agamst sheep ; but not against 
\ a mounted sportsman, who will trample it down, 
or against heavy cattle, which in browsing, press 
!• through it. Besides, by heading down before the 
stems are sufficiently strong, the hedge becomes 
top-heavy firom the abundance of spray, which 
shades, and eventually kills that below, rendering 
the stems naked at bottom ; through which pigs, 
or lambs, or Welsh sheep soon make thoroughfares." 
Railing. — A very erroneous plan of fencing 
consists of using too light scantling for the posts 
and railing, so that they are frequently destroyed 
by cattle and otherwise, and require continual re- 
pairs ; indeed, not unfrequently, to be replaced alto- 
gether, before the hedges can form a sufficient fence. 
We have known many thousand rods offence-railing 
executed in this county at the rate of three shillings 
and nine pence per rod of seven yards, including 
the expense of all materials, leading and labour : 
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the holes for the posts being dug two feet deep in 
the ground ; the posts sawn, holed, and set with 
three rails in height. In our opinion it would be 
£ax more advisable to pay an additional price in the 
first instance, and have stronger fences set, which 
would avoid many expenses hereafter, and well 
repay for the additional price incurred. 

Walls. — Stone walls are extensively used in 
some districts as a mode of fencing. Sometimes 
they are built with mortar, but more commonly 
without it ; when they are termed dry^walls. The 
former kind is certainly always preferable, providing 
that lime be attainable at a reasonable expense. 
Of both kinds, however, we must observe that the 
stones ought to be well connected together by bond- 
stones the breadth of the wall. When speaking on 
this subject it is worth remarking that ties are often 
very injudiciously introduced ; the wall being car- 
riea up for a certain height without any throughs^ 
and then a profusion of them occurring, frequently 
laid so near each other that no body of wall can be 
inserted between them: hence the frequency of 
failure in the walls at such places. Now, were the 
throughs properly distributed throughout the wall, 
no more labour would be requisite than in the pre- 
ceding mode ; but the wall would become consider- 
ably stronger and more durable. It might be added 
that this mode of throughing applies with equal 
force to any kind of masonry. 

The coping of fence- walls is also very important; 
the simplest and best kind being that con^posed of 
the flattest stones placed edgewise. These should 
always be set in good mortar ; overhanging the 
wall, and be properly wedged together by chips of 
stone, until they become compact and individually 
immovable ; when they afford very effective protec- 
tion to the walls beneath. 
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Utility of Malleable and Cast-iron nils contrasted— Birkensliaw's Patent 
Wioaght^roB rails— Comparative Weights required for each kind of Rail 
— MalleaUe iron susceptible of great change of form without diminishing its 
cohesive power— Property of being extensible or malleable prevents exfolia- 
tion— Reriats separation firom its adjoining particles with nearly equal forces 
—Cast-iron hardest and toughest at the exterior— Cause— Oxydating effects 
of each kind of Rails considered— Comparative wear of Malleable and Cast- 
inm both wheels and rails, from actual practice— Permanent Roads— Ballast- 
ing— Drainage— Depth of Ballast— Materials for Ballasting— Consolidating 
Ballast— Packing blocks and sleepers— Drainage of ballast— Stone blocks- 
Quality of stone— Chairing blocks— Waste of stone by Percussion— How 
avoided— Fixing blocks at right-angles— Obliquely— Advantages and Disad- 
vantages of each method— Sjrstem proposed, combining the Advantages of 
eadi— Of roads laid upon Transverse Wooden Sleepers— Their utility— Lay- 
iag Curved RoAds— Grooved rails for crossing roads upon a Level— Descrip- 
tion of the mode of fixing the Chairs and Rails upon the Manchester and 
Liverpool railway— Mr. Losh's— Parallel malleable iron rails, and mode of 
Fixing— Improved Chairs— Dimensions and weight— How fixed to the Rails 
— ^astsnings by Pins— Keys-Clasps, &c.— Contini^ous timber bearings 
—Originally used in America— Used upon the Oreal Western Railway— 
KewoBstle-upoB-Tyne and North Shields Railway— Utility of Longitudinal 
Beaiers— Materials, Aec- Method of Fixing— How Connected and Secured 
—Patent Felt introduced— Continuous Rails described— Their Weight, ^c. 
— BonodaU'S «* Patent Felt." 

Afilier the old wooden railways had been superseded 
by cast-iron ones, another important improvement 
took place, namely, the use of malleable iron rails. 
At the introduction of the latter, however, a great 
prejudice existed against them ; upon the grounds 
that from their softness and fibrous texture, they 
would be liable to exfoliate, and consequently wear 
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fast away &c. As the subject is of considerable 
importance we have selected the opinions of differ- 
ent gentlemen conversant with sucn matters. 

In Mr. Chapman's report relative to a commu- 
nication between Newcastle-upon-Tyne and Car- 
lisle, the following passage favourable to cast-iron 
occurs: — "The railway may either be formed of 
cast-iron or malleable iron. The latter may be 
somewhat less expensive, and has been found eWffr 
ble in roUey-ways below ground, in which the weight 
on each wheel is not considerable: but, above 
ground, with heavy wj^gons, their utility, or rather 
their duration, is not l£ely to be so great as rails of 
cast-iron of due strength ; because with heavy car- 
riages, and case-hardened wheelss (which are much 
in use except for locomotive engines, as it would 
diminish their adhesion to the way), the following 
effect is produced from the softness of malleable 
iron, viz., the rails formed of it being drawn out 
between rollers, and consequently fibrous, the great 
wheels, rolling on those ways, expand their upper 
surface, and at length causes it to separate in tbin 
laminae. The injury from oxydation is compara- 
tively small." 

This report, as might naturally be expected, 
drew a reply from one of the advocates of malleable 
iron, and accordingly we find Mr. Longridge, a 
proprietor of the Sedlington Iron-works, warmly 
defending its utility. He also produced the follow- 
ing letter from Mr. Thompson, Lord Carlisle's 
agent at Tindale Fell, Cumberland, where mallea- 
ble iron rails had been in use for sixteen years :— 
" The whole of the wrought-iron which has been 
used from twelve to sixteen years, appears to be 
very little worse. The cast-iron is certainly much 
worse, and subject to considerable breakage, al- 
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though the rails are about double the weight of the 
malleable iron rails. The waggons used to carry 
near a Newcastle chaldron, viz. 53 cwt." — New- 
castle Courant^ December 18, 1824. 

Subjoined is the elaborate report of Mr. Stephen- 
son, the gentleman who successfully completea that 
wonderful enterprise, the Liverpool and Manchester 
Railway. The report will well repay attentive 
perusal. It showed very clearly at the time it was 
written, the superiority of malleable iron, which 
has indeed been fully corroborated since by prac- 
tical experience. 

*'The great object in the construction of a rail- 
road, is that the materials shall be such as to 
allow the greatest quantity of work to be done at 
the least possible expenditure ; and that the mate- 
rials also DC of the most durable nature. In my 
opinion," continues Mr. Stephenson, " Birken- 
snaw's patent wrought-iron rail possesses these ad- 
vantages in a higher degree than any other. It is 
evident that such rails can at present be made 
cheaper than those that are cast, as the former 
require to be only half the weight of the latter, to 
afford the same security to the carriages passing 
over them, while the price of the one material is 
by no means double that of the other. Wrought- 
iron rails, of the same expense, admit of a greater 
variety in the performance of the work, and em- 
ployment of the power upon them, as the speed of 
the carriages may be increased to a very high 
velocity without any risk of breaking the rails ; 
their toughness rendering them less liable to frac- 
ture from an impulsive force, or a sudden jerk. To 
have the same advantages in this respect, the cast- 
iron rails would require to be of enormous weight, 
increasing, of course, the original cost. 
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From tlieir construction, the malleable iron rails 
are much more easily kept in ordber. One bar is 
made long enouj^h to extend over several bloc^ ; 
hence there are fewer joints, or joinings, and the 
blocks and pedestals assist in keeping each other 
in their proper places. 

On tms account, also, duniages will pass alcH^ 
sttdi rails more smoothly than wey can do on those 
that are of cast-iron. 

The malleable iron rails are more constant and 
regular in their decay, by the contact and pressure 
of the wheel; but they will, on the whole, last 
longer than cast-iron rails. It has been said by 
some engineers, that the wrou^ht-iron exfoliate, or 
separate, in their laminse, on wat part which is ex- 
posed to the pressure of the wheel. This I point- 
edly deny, as I have closely examined rails which 
have been in use for many years, with a heavy 
tonnage passing along them, and gb. no part are 
such exfoliations to be seen. Pressure alone will 
be more destructive to the cohesive texture of cast- 
iron than to that of wrought-iron. The true elas- 
ticity of cast-iron is greater than that of malleable 
iron ; i. 6., the former can, by a distending power, 
be drawn through a greater space, without perma- 
nent alteration of the form ; but it admits of very 
little change of form without producing total frac- 
ture. Malleable iron, however, is susceptible of a 
very ereat change of form, without diminution of 
its cohesive power ; the difference is yet m<M^ re- 
markable, wnen the two substances are exposed to 
pressure, for a force which, in consequence of its 
crystalline texture, would crumble down the cast- 
iron, would merely extend or flatten the other, and 
thus increase its power to resist the pressure.. We 
may say, then, that the property of being extend- 



CAST AND WBOUOHT-IBON RAILS. 149 

ble, or malleable, destroys the possibility of exfoli- 
ation as long as the substance remains unchanged 
by chemical airency. A remarkable difference, as 
to unifomitv of <^ndition or texture in the two 
bodies, produces a corresponding want of uni- 
formity in the effects of the rubbing or friction of 
the wneeL All the particles of malleable iron, 
whether internal or superficial, resist separation 
fiom the adjoining particles with nearly equal 
btces. Cast-iron, however, as is the case with 
othef bodies of similar formation, is both harder 
and tougher in the exterior part of a bar, than it is 
in the interior. This, douotless, arises from the 
more rapid cooling of the exterior. The conse- 
quence is, that when the upper surface of a cast- 
iron rail is ground away oy the friction of the 
vheel, the decay becomes very rapid. 

The effects of the atmosphere m the two cases 
are not so different as to be of much moment. On 
no malleable iron railway has oxydization or rusting 
taken place to any important extent. 

I am inclined to think that this effect is prevented 
on the heaimg smfaces of much used railways, by 
the pressure upon them. To account for their 
extraordinary freedom from rust, it is almost neces- 
sary to supi)ose, that some diminution takes place 
in the chemical affinity of the iron for the oxygen 
or carbonic acid. The continual smoothness in 
which they are kept, by the contact of the wheels, 
has the usual effect of polish, in presenting to the 
destroying^ influence a smaller surface to act upon. 
The black oxyde, or crust, which always remains 
upon rolled iron, appears to act as a defence against 
toe oxydizing power of the atmosphere, or water. 
This is the reason why the rail does not rust on its 
sides." 
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A great difference in the tendency to rust has 
been remarked between wrought-iron rails when 
either standing upright or laid carelessly upon the 
ground, and bars of the same material fixed, and 
subjected to the continual motion of carriages ; the 
former continually throwing off scales of oxydated 
iron, while the latter is scarcely at all affected. 

Since the date of Mr. Stephenson's Report (now 
a very considerable period) the nature of both kinds 
of material has been to a ^eat extent developed, 
and the result is decidedly favourable to the adop- 
tion of malleable iron. It has also been clearly 
demonstrated that the wear is greatest upon cast- 
iron both by the action of locomotive engine-wheels 
(made of the two kinds of material;) and by 
minutely weighing each kind of rails, Mter being 
subject to certain weights passing along them for a 
specified time. 

We shall now proceed to show firom unquestion- 
able sources the accuracy of what has just been 
stated. Upon the Killingworth Railway, common 
cast-iron wheels were originally used for the loco- 
motive engines, but were at length superseded by 
wrought-iron ones. The following extract* shows 
clearly the relative wear of the two kinds of mate- 
rial. ** The average wear of the cast-iron wheels 
was above half an inch in nine months ; and with 
the wrought-iron tire, the wear of one pair of 
wheels has been one-fourth of an inch in three 
years, and with three other engines, one-eighth of 
an inch in twelve months; making the wear at 
least as five to one in favour of wrought-iron. The 
actual wear of the rails will not be to the same 
extent as this, as the engine-wheels sometimes slip 

» Treatise on Railroad* by Mr- Nicholas Wood, in which will be found a 
mass of useful information on the subject of railways and carriages; likewise 
numerous accounts of original experiments relative to both. 
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round, or slide upon the rails in bad weather. The 
wear of the wheels of the common carriages will 
not be so much, for the same reasons ; but although 
it should be observed, that from this we ought not 
to deduce the actual duration of wrought-iron rails, 
as, their sur£aces being narrower than the wheels, 
the wear will be, perhaps, more than proportionably 
greater; yet the relative wear should, however, 
remain the same." 

Subjoined is the comparative duration, or loss 
of weight of wrought and cast-iron rails, upon the 
Stockton and Darhngton Railway ; the particulars 
being ^ven as obtained under the minute inspec- 
tion of the engineer, Mr. Story. 

Malleable Iron Railsj fifteen feet long, over 
which locomotive engines pass, weighing from 
eight to eleven tons : waggons and their loads, four 
tons each. 

86,000 tons passed over in a year, exclusive of 
engine and waggons. 

Weight of rail, 1 cwt. 244 lbs. 
Loss of weight in 12 months, 8 oz. 

Cast-iron Raits^ four feet long, over which wag- 
6;ons only pass, weighing four tons each, when 
loaded. 

86,000 tons passed over in a year, exclusive of 
waggons. 

Weight of rail, 63 lbs. 

Loss of weight in 12 months, 8 oz. 

The loss of weight in malleable-iron rails, when 
waggons only passed over, was, in the same period, 
eight ounces for fifteen feet length— the same 
quantity of goods, 86,000 tons. 
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It would appear that the trifling waate of 
wroughtjron ban previously stated, may be attri- 
buted to a peculiar drcumstance. ^^ The causes of 
the preservation of malleable iron bars, exposed to 
the weather from rust, and their slow wear, may be 
readily supposed to be the Tconstant friction to 
which thev are subjected by the traffic, and to the 
condensation of the upper surface of the metal by 
the heavy weights rolled over it, which produces a 
hard compact coat, like that produced by cold- 
hammering steel and copper plates.'* — Heberi. 

Ballasting. — Expedience has proved that by 
judicious drunage ana the use of proper mateiiak* 
a sound bearance for a permanent road can be ao — 
complished upon almost any kind of foundation... 
We allude to the Manchester and Liverpool Rail — 
way beinff carried over Chat Moss; sometimes 
running above, sometimes below, and sometimes 
on a level with the moss ; an achievement whidLy 
pnor to that great work, was generally considerec] 
wholly impossible. 

We presume that it is almost superfluous to 
notice tine expediency of allowing embankments to 
subside, before coating them witn ballast for the 
permanent road : yet it too often hwpens that the 
ballasting is commenced immediately after their 
formation; the railway, from impatience or neces- 
sity, having to be opened out to the public within 
a brief riven time. 

The formation-level of a road having been ad- 
justed, the next operation is the covering it with a 
layer of broken stone or other open substance, 
upon which is laid a coating of small coals, ashes, 
gravel, or whatever kind of ballasting-material iin 

• A grett part of the Chat Mon embankment wai formed with mou all 
it had been firtt properly drained. Hurdles, wound with heath, were • 
uied in many parts of it. 
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district will afford. The layer should be about 
twenty inches in depth — exclusive of the broken- 
stone foundation — that is to say, deposited six or 
eight inches deep below the blocks, and the re- 
mainder distributed between and upon them ; al- 
though in some situations, damp or spongy for 
instance, an additional thickness of ballast will be 
necessary. Such places, however, should never be 
ballasted until they have been first properly drained. 

Small coals, or ashes, are decidedly the best 
materials for ballasting ; they considerably diminish 
the expense of maintaining a railway, owing to their 
being so expeditiously packed solid underneath the 
blocks, the comparative ease with which they are 
displaced to re-adjust the latter, and their peculiar 
permanency when once properly consolidated. The 
trifling number of workmen employed upon roads 
laid with such materials fully bear out these asser- 
tions. 

Where good ballast is scarce, the choicest part 
of it ought to be selected and deposited in contmu- 
ous lines, immediately beneath the blocks ; the re- 
maining part of the roadway being composed of the 
inferior material. If small coals, or ashes, can be 
procured to form these lines, we earnestly recom- 
mend their adoption, for the reasons already assigned. 
It is almost superfluous to say that, Mammal power 
is intended to be employed, hard materials are in- 
dispensable for the middle part of each track. 

It is advisable that the ballast and any fresh 
material which may have been added to an embank- 
ment, should be properly rammed or rolled and 
made as firm as possible, previous to, and also during 
the time of fixing the blocks ; on account of their 
consolidation being made more perfect and the work 
accomplished with less expense, than when the roads 

w 
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have subsequently to be re-adjusted. Indeed, when 
we consider the immense pressure exerted upon the 
stone, it is obvious that it canaot bear upon too 
firm a foundation. 

Rubble Drains introduced beneath the bal- 
lasting are very essential for keeping the foundation 
of rosSs dry and firm : one drain ought to be laid 
longitudinally along the middle of the roadway, 
havmg others (one-half oi the breadth of the road- 
way in length) intersecting it at alternate right- 
angles, at intervals of about five feet each ; and the 
former kept a little higher than the latter, to give 
them a descent for discharging the water more fireely . 

The side-drainage of excavations ought also to 
be frequently cleansed of all extraneous matter — ^par- 
ticularly if their length be considerable, or of slight 
declination — and kept at least six inches below the 
foundation of the ballasting. 

Stone Blocks. On account of the latent 
situation of stone, where used as railway blocks, it 
is much less subject to atmospherical changes than 
in buildings ; nevertheless, it is under the imme- 
diate influence of a more rapidly destructive agent, 
owing to the immense shocks which it has to sus- 
tain from the ponderous weight of engines and 
carriages rolling over it. The stone ouffht there- 
fore to be composed of a hard^ granulated, uniform 
texture, to prevent either breakage, or the railway 
chairs inserting themselves beneath the upper sur- 
face of the stone. Laminated stone too, although 
hard, is objectionable — if its layers do not firSy 
cohere together— on account of its splitting hori- 
zontally when fixing or re-adjusting the blocks; 
especially during the latter operation. 

When chairing blocks care should be taken to 
have the middle part of their upper surfaces ren- 
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dered perfectly level, to allow the chairs to stand 
firmly upon them. This is too often disregarded, 
but it is obvious that when the chair does not rest 
upon the whole of the under surface, its equal 
bearing is destroyed ; a circumstance very injunous 
to the blocks; the waste of the stone being in- 
creased by percussion. 

Where stone of a soft quality only is attainable 
for making blocks, a piece oi felt mieht very judi- 
ciously be introduced between each chair and 
block, to prevent, or at least lessen, the destruction 
of the latter by the above cause. We have re- 
cently examined several old blocks, where the base 
of the chairs had been imbedded into tiie stone to a 
depth of two inches and upwards ; which had, in 
&ct, occasioned a frequent necessity for the upper 
sor&ces of the blocks to be lowered, in order to 
replace the rails in the chairs. 

Setting Blocks. When fixing blocks at right- 
ane^les with a line of railway, it is extremely diffi- 
cult to consolidate the ballast underneath them. 
The distance between the centre of each block is 
usually one yard, and where they are two feet 
square, it is obvious that the stones are one foot 
asunder. This prevents the foundation upon which 
they immediately rest from being properly rammed 
underneath. To obviate which, recourse of late 
has been had to the placing blocks diagonally in- 
stead of square, which causes their opposite comers 
to stretch along the line of road ; thus rendering 
every side and underneath them available ; besides, 
the packing of the blocks is infinitely superior to 
those set at right-angles ; both when being fixed, 
and when being afterwards rectified. 

But, where cast-iron rails are used, the distance 
between the blocks becomes greater than that 
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Stated in the preceding paragraph, on account of 
the rails being genemlly in four feet lengths; 
which, of course, causes the centre of each olock 
to be also four feet distant from the next ; and if 
the blocks are two feet square, they are two feet 
asunder : hence a sufficiency of space is afforded for 
consolidation. 

When a load is passing along a railway its 
weight is alternately transferred Irom one side of 
the road to the other, as has been previously stated. 
One line of rails is thus alternately acting as the 
fulcrum of the weight, and causing the greatest 
force to be Qjcerted at the extremities of the blocks 
immediately underneath the weight. Now, by 
setting blocks obliquely, there is, comparatively, 
an additional breadtn oi bearing surface obtained ; 
but their extremities, where the action is greatest, 
are reduced to mere points, as exhibited by the left 
side of the lower part of the opposite diagram. 
The greatest breaath of each stone is thus de- 
posited underneath the rails, and consequently 
underneath the fulcrum, where it is subject to the 
least action and pressure ; while every block laid 
at right-angles presents two feet of effective bearing 
surface at each extremity, to sustain both action 
and pressure. 

When stone blocks are laid upon a foundation 
which does not shrink by the pressure exerted upon 
it, the defectiveness of the oblique method is con- 
siderably modified, and of course it becomes less 
objectionable ; but of the two methods, we should 
generally give the preference to that in which right- 
angled blocks are employed. 

In laying permanent roads with stone^ we advise 
a combination of the two preceding modes of fixing 
blocks, in order to avoid the defectiveness at the 
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extremities of the oblique ones, and also to obtain 
the &cility they afford when being packed, conjunc- 
tively with the preservation of as much bearing 
sur&ce as possible at the extremities of those in the 
right-angled method. We suggest, therefore, that 
the stones should be laid alternately square and 





oblique, as represented by the upper line of blocks in 
the above engraving, which system of ^m^ stone 
blocks permanently, would in our opinion, be in- 
finitely superior to any one hitherto introduced. 

A verv unpleasant sensation is frequently expe- 
rienced m carriages when passing along embank- 
ments where the rails are fixed upon wooden trans- 
verse sleepers (bearers) : this does not arise from 
the constructive principle of the road as imagined 
by some persons, but from the sleepers being too 
slender and having consequently too much springing 
at their extremities. The undulating and oscillating 
motions thus produced might easily be avoided by 
usinj^ sleepers of sufficient scantling. 

When it is intended to lay a road with stone 
blocks, it is always best to defer their laying upon 
embankments and use timber transverse sleepers 
until the latter have in a great measure subsided : 
even then, it is better to retain one wooden 
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sleeper for each pair of joint-chairs to bear upon, 
in order to preserve the parallelism of the rails. 

Curved Roads. — In the making of railways 
curves are almost unavoidable, and when the degree 
of curvature is considerable the friction of the caN 
riages becomes enormous, by the wheels of the 
latter pressing against the sides of the rails. To 
obviate this, the rails ought to be of a segmental 
form (horizontally) and tnese in the outer curve of 
' each track a little elevated along the whole range 
of the curve, in order to counteract by gravitation 
the tendency of the carriages to proceed in a straight 
direction, in some places we observe rails of greater 
strength introduced where the roads are much curv- 
ed, and very judiciously ; for it is obvious that addi- 
tional lateral strength is requisite at such places. 

When a railway crosses any public road on a level, 
the spaces between the rails ought to be firmly paved 
level with their upper surface, to prevent carriages 
sustaining any shock when passmg over it. In 
some instances we observe that each line is formed 
with a double rail, having a groove alon^ the mid- 
dle for the flange of the wheels to run along : this 
tends greatly to prevent that concussive motion 
which carriages are liable to on such crossings. 

On the Manchester and Liverpool railway, each 
rail is five yards in length, and weighs thirty-five 
pounds per yard. The rails are supported every 
three feet upon stone blocks, two feet square by one 
in depth ; but upon the embankments, where the 
foundations have not yet become stationary, oak 
transverse sleepers are used. Two holes, six inches 
deep and one inch in diameter, are drilled into each 
stone block, and into these are driven oak plugs ; 
the cast-iron chairs to which the rails are immediately 
fastened, nre then firmly spiked down to the oan 
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flogs; and a construction of great solidity and 

strength is thus obtained. 
The opposite figure ex- 

lu'bits the mode of joining 

the rails to the chairs or 
pedestals, the lightly shar 
aed part representing the 
finrm of the rails. In pas-C 
ang the bars through tne rollers a lateral projection 
is rolled upon one side of each rail, parallel with its 
upper surrace ; and on one side of the cheek of 
each pedestal, a longitudinal cavity is cast equal in 
size with the projection, the section of which is 
represented in the above cut. A little higher, on 
the opposite side of each pedestal, another similar 
cavity is cast for the purpose of receiving an iron 
key ; and when the rail is laid into the pedestal, 
by driving the key (shaded dark) into this cavity, 
it presses against the side of the rail, which forces 
the projecting part of the latter home into the op- 
posite cavity, and thus effectually secures each rail 
from ri^g up. 

The above method of Mr. Stephenson in fixing 
and securing the rails to the chairs is somewhat 
different from that of Mr. Losh, which is as follows : 
a projection is rolled on both sides of each rail, as 
shown in the subjoined section ; that on the right 
side entering a cavity similar to the preceding plan. 
On the other cheek of the chair a longitudinal cavity 
is cast, to receive a key, 
but, as shown in the fig- 
ure, it is a double one, 
acting at the same time 
upon the upper part of the 
projection on the rail, to 
force it down upon the chair, and against the side 
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of the rail, both to steady it and to force the pro- 
jection on the opposite side of the rail into the cavity 
intended for it. By this mode of keying, if the rail 
works loose upon the chair, by driving the key it 
can again be tightened. 

Parallel Rails. The late Mr. Steel, we be- 
lieve, was the first who introduced the parallel 
malleable iron edge-rail, in the year 1829, when 
forming the Clarence Railway ; that is to say, the 
first, excepting the introduction of the original flat 
and square bars. His rails have a projection rolled 
on both sides of them, but different in shape to 
those represented in the latter diagram — bdng 
circular. 

On one cheek of the chair a cavity is cast, cor- 
responding with the projecting part of the rail; 
the other being straight. The wedges used for 
fastening the rails are straight on that side which 
is placed against the cheek of the chair ; the other 
side having a longitudinal circular cavity along the 
bottom, similar to the cavity in the cnair. One 
wedge is used to each chair, which fills the whole 
spctce between the latter and the rail ; and by 
driving the wedge home, it presses against the ade 
of the rail, and forces its projecting part on the 
opposite side, into the place for receiving it ; thus 
stead3dng the rails, and at the same time preventing 
them from rising up. The rails are four inches 
deep ; the circular projection is one and a quarter 
inches in diameter ; and each rail weighs thirty- 
two pounds per lineal yard. 

We have already stated how essential it is that 
chairs should bear upon all their base ; it is also 
necessary that the latter should not be too small, 
which is another principal cause of the evils men- 
tioned in p. 155. 
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A rery good fonn of cliair, and improved method 
Dtkeymg, has recently been introdaced opon some 
of the prmcipal Tailways in the north of England ; 
the dimenrions of which are as follow : — base, nine 
inches in length ; foui and a quarter inches in 
l>readth ; and one and a quarter inch in thickness. 
The height of the chair is four inches ; its sides 
and cheeks are one inch in thickness ; and each 
chair weighs twenty pounds. 

The subjoined drawing represents a horizontal 
section of the chair alluded to, at the level of Uie 
under ude of the rail. One cheek of the chair 
corresponds with the form of the rail, similar to the 
preceding chairs ; the other being (^en except for 
the distance of one inch at each side (the thicKnees 
^ the side of the 
chair^ as shown at 
the nght side of the 
opposite drawing. 
A wedge of the form 
of an L — as shown 
by the dotted lines 
—is placed between 
the sides of the 
diair; its base oc- 
cupying the whole 
breadth thereof; and 
its front similar to 
the opposite cheek of 
tlie diair. By push- 
ing the wedge for- 
wud it comes in 
contact with the 
rail and forms one 

cheek of the chair. A hole, one and a quarter 
inch long, and three-fourths of an inch high. 
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is oast in the side of the chair (shaded dark in the 
upper diagram,) having anoth^ similar hole 
in the opposite side of the chair, throufiph which a 
wrought-uron key is inserted. By drivulg the key 
it presses against the badk of the perpendicular 
part of the wedge, and against the ujq^er soxbce 
of its base, and forces the projection on one side of 
the rail into the cavity in uie chair intended for it, 
and the other into a similar cavity in the fiont of 
the wedge; thus both e£FectuaIly steadying the 
rails and preventing their rising up. 

In some places we observe joint-chairs similar in 
shape to the preceding kind of chair, but of jneater 
breadth — their base containing about fifty-five su- 
perficial inches each. These chairs weigh twentv- 
eight pounds each, and every one is secured to the 
block Dy,/&2£r wooden pins. Indeed, on some rail- 
ways, such chairs are now being used exclusively. 

The plan of fastening the rails by keys is in- 
finitely preferable to that by pins ; on account of 
the latter soon becoming loose, and the difficulty of 
again securing them permanently. In scHne places 
we have observed keys securely fast^aed, merely by 
inserting a thin piece of wrou^nt-iron between eadn 
key and the cheek of the cnair, having its ends 
bent back at right-angles against the ends of the 
keys, thus forming a kind of clasp. This, although 
a very simple method, is neverthele^ a very 
efficient one. 

Continuous Bbarings. Another mode of 
laying permanent roads, in England, has of late been 
adopted. We allude to the insertion of timber lon- 
gitudinally underneath the iron rails; the latter 
being immediately attached to the former without 
the interposition of chairs. To the Americans, we 
believe, is due the honour of originally employing 
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ino and wooden bearers together in this manner; a 
method first introduced >uito this oountry by the 
enrineer of the Great Western Railway. 

When pttmanent rails are supported at intervals 
only, it must be acknowled(|;ed that their rigidity is 
not equable; nor are they susceptible of t£at uni- 
form smooth elasticity whidi appears to be the 
I>roperty of roads having a continuous bearing upon 
timoer : we say appears, because from the recent 
introduction of the latter — sufficient time not yet 
ha?inff elapsed to allow positive judgment to be 
paisea upon it. 

We oostfve lliat the permanent rails on the 
Newcastle-upon-Tyne and North Shields Railway, 
are now being laid upon continuous timber bearinc^s : 
they are composed of Memel timber, twelve inches 
in breadth, by six inches in depth ; and transversely 
connected together every eight feet, b^ a piece of 
timber, containing about eighteen sectional inches. 
These cross-timbers are dove-tailed into the upper 
bed of the longitudinal bearers, their upper surfaces 
terminating flush with the upper surfaces of the 
latter : but upon the embankments, near New- 
castle, transverse pieces of timber twelve inches bv 
fflx are placed five feet apart underneath the longi- 
tadkial bearers. — The wnole of the timbers have 
undergone the process of kyanizing. 

Upon the middle of eacn longitudinal bearing is 
placed a strip oi felt* four inches in breadth, upon 
which are fixed the iron rails ; the alternate sides of 
their base being screwed down to the timber at in- 
tervals of twenty inches : but at each end of every 
rail two screws are used. 

^ This material was manufactured by Messrs. Wm. and O. Borrodail of 
London, and is well known by the name of " Borrodail's Patent Felt:" it is 
flenerally considered superior to any other hitherto introduced, and is at 
present Ming used upon several railways. 
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The marginal sketch represents a section of 
rails, which are of the following 
dimensions : — Four and one 
eighth inches in breadth, at the 
base; two and a quarter, on 
their upper surface; three 
quarters of an inch, where nar- 
rowest; and two and three 
quarter inches in height. The 
rails were manufeu^tured at the iron-works at Walker, 
near Newcastle-upon-Tyne ; they are from twelve 
to fifteen feet in length, with square or butt joints; 
and each rail weighs fifty-three pounds per lineal 
yard. 




CHAPTER XL 

BXCAVATION TABLES. 

The following tables exhibit the number of cubic 
yards contained in a chain in length ; the slopes or 
sides of the excavation (or embankment) being 
worked as follows : — Table first, batter of slopes, 1 
horizontal to each perpendicular foot. Table sec- 
ond, batter of slopes, IJ to one. Table third, 
batter of slopes, 1^ to one. Table fourth, batter 
of slopes, 1| to one. And table fifth, batter of 
slopes, 2 feet to each perpendicular foot. 

The columns in each table represent the cubic 
yards contained in a chain in length ; the breadths 
at the formation-level being 24, 27, 30, 33, and 36 
feet respectively. The last column in each table 
shows the number of cubic yards contained in a 
chain in length and one perpendicular foot in 
breadth. It was considered unnecessary to insert 
any fractional parts in any of the tables except the 
last columns of each : in the other, where a frac- 
tional part was less than half a cubic yard, it has 
been omitted ; and where it exceeded one-half, one 
cubic yard has been added to each integral quantity. 

Should an excavation or embankment not cor- 
respond with any of the breadths in the tables, the 
cubic content may readily be found by adding to 
any sum opposite the quantity in the Ust column 
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for every foot in breadth that it differs from the 
table breadth. Thus, to find the cubic content of 
of a chain in length of cutting, 39 feet 9 inches 
deep ; batter of Sopes, one to one ; and breadth at 
the formation-level or bottom of tiie cut, 28 feet? 

In the first table 

27 feet in breadth contains ....6486 

and one foot in breadth contains 97*17+ 

6583-17 cub. yds. 

Again, to find the content of a chain in length 
of cutting 39 feet 9 inches deep ; batter of slopes, 
one to one; and breadth at the formation-level, 
35 feet? In the first table 

36 feet in breadth contains 7360 

and one foot in breadth contains 97*17 — 

7262-83 cub. yds. 
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Batter of Slopes, 1 Horizontal, to each 
Perpendicular Foot. 



-^ 


BfWdth 


iirornii 


lonLne 




z^. 


CuiUng. 


H f»(. 


«7f»>. 


30 foci. 


Mf«t 


6iixi, 


n. fn. 


rub=ydt 


cube yd.. 




cuteyd^ 


niboyj. 


rut»)cj>. 


I 


61 


68 


76 


83 


90 


2-44 


1 3 


77 


86 


96 


105 


114 


3-00 


I C 


94 


105 


IIB 


127 


138 


3-67 


1 9 


110 


123 


136 


149 


162 


4-28 


2 


127 


142 


156 


171 


186 


4-89 


2 3 


144 


161 


177 


194 


210 


5-50 


2 fi 


162 


180 


199 


217 


235 


6-U 


2 9 


IBO 


200 


220 


240 


260 


6-72 


3 


198 


220 


242 


264 


286 


7-33 


8 3 


217 


240 


264 


288 


312 


7-94 


8 e 


235 


261 


287 


312 


338 


8-55 


8 9 


254 


282 


309 


837 


364 


9-17 


4 


274 


303 


332 


362 


391 


9-78 


4 3 


393 


323 


356 


387 


415 


10'39 


4 6 


314 


347 


380 


413 


440 


11- 


4 Q 


334 


369 


403 


438 


473 


11-61 


5 


354 


391 


428 


464 


501 


1222 


5 S 


875 


414 


452 


491 


529 


IS'83 


6 6 


397 


437 


477 


518 


558 


1344 


5 9 


418 


480 


503 


545 


587 


14'06 


B 


440 


484 


528 


672 


616 


14'67 


6 3 


462 


508 


554 


600 


G46 


I5'28 


G 6 


485 


532 


580 


628 


075 


15'89 


6 9 


507 


557 


606 


656 


705 


16-50 



168 



EXCAVATION TABLES* 



Batter of Slopes, I to I. 
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Batter qf Slopes^ 1 to 1. 
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BaOeri^ Slope$, 1 to 1. 
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»^„ 


D 






liiBmllb 


Culltag. 


Mt«(. 


CUtWjdL 


SOftltl. 


^nitet. 


Xim. 


ft. 


lo. 


cube sit 


cutoydL 


aibejdi. 


o.ber*t 


28 





3559 


3764 


3970 


4175 


4390 


68-44 


28 


3 


3608 


3816 


4023 


4230 


4437 


69-06 


28 


6 


3658 


3867 


4076 


4285 


4494 


69-67 


38 


9 


3707 


3918 


4129 


4340 


4551 


70-28 


29 





3757 


3970 


4182 


4395 


4608 


70-89 


29 


3 


3807 


4022 


4236 


4451 


4665 


71-50 


29 


6 


3858 


4074 


4291 


4507 


4723 


72-11 


29 


9 


3909 


4127 


4345 


4663 


4781 


72-72 


30 





3960 


4180 


4400 


4620 


4840 


73-33 


SO 


3 


4013 


4233 


4455 


4077 


4899 


7394 


30 


6 


4063 


4287 


4611 


1734 


■1958 


74 '55 


30 


9 


4115 


4341 


456ti 


4792 


5017 


75'17 


31 





4108 


4395 


4622 


4850 


5077 


75-78 


31 


3 


4220 


4450 


4679 


4908 


5137 


76-39 


31 


6 


4274 


4505 


4736 


4967 


5198 


77- 


31 


9 


4327 


4560 


4792 


5025 


5258 


77-ei 


,32 





4380 


4615 


4850 


50B4 


5319 


78-22 


38 


3 


4434 


4671 


4907 


5144 


5380 


78-83 


,32 


6 


4480 


4727 


4965 


5204 


5442 


79-44 


82 


9 


4S43 


4783 


5024 


5264 


5504 


80-06 


,33 





4598 


4840 


6082 


5324 


5566 


80-67 


33 


3 


4053 


4897 


5141 


5385 


6629 


81-28 


33 


6 


4709 


4954 


5200 


5446 


5691 


81-89 


33 


9 


4704 


5012 


5259 


5507 


6754 


82-50 


34 





4820 


5070 


5319 


5568 


5818 


83-U 


34 


3 


4877 


5128 


5379 


5630 


5881 


83-72 


34 


6 


4934 


5187 


5440 


5693 


5946 


84-33 


34 


9 


4991 


5246 


5500 


575A 


6O10 


84-94 



KXCAVATIOM TABLES. 

Batter ((f Slopta, \ to\. 



Cultbv. 


D™.th»tF»™.„„I.o.... 


Ok 


MfHH. 


X]f<xU 


NtlH. 


lAtm. 


MAeU 


ft. h.. 

35 
35 3 
35 6 
35 9 


5048 
5105 
5163 
5221 


5304 
5861 
5424 

5484 


cubsydh 

5561 
5622 

5084 
5746 


eulieydi. 
5818 

5881 
5944 
6008 


6074 
6139 
6205 
6270 


85-55 
86-17 
86-78 
87-39 


36 
36 3 
36 6 
36 


5280 
5339 
5398 

5457 


5544 
5605 
5fifi6 
5727 


5S08 
5870 
5933 
5996 


6072 
6136 
6201 
6266 


6336 
6402 
6469 
6535 


88- 
88-61 
89-22 
89-83 


37 
37 3 
37 6 
37 9 


5517 
6577 
5638 
5698 


5783 
6850 
5913 
5975 


6060 
6124 

6188 
6252 


6331 
6397 
6463 
6529 


6602 
6670 
6738 
6806 


90-44 
9106 
91-67 
92-28 


38 
Si* 3 
38 6 
38 


5759 
5820 
5882 
5944 


6038 
6101 
6164 
6228 


6816 
6S8I 
6447 
6512 


6595 
6662 
6729 
6796 


6874 
6942 
7011 

7080 


92-89 
93-50 
94-11 
94-72 


39 
39 3 
39 G 
39 9 


6006 

6069 
6131 

6194 


6292 

635C 
6421 
6486 


6578 
6644 
6711 
0777 


6864 
6932 

7000 
7069 


7150 
7220 

7290 
7360 


95-33 
95-94 
96-55 
97-17 


40 


6258 


655) 


6S44 


7138 


7431 1 97-78 1 



EXCAVATION TABLB8. 



" of l$lopet, 1^ Horizontal, to each 
Perpendicular Foot, 



Depth 




IJresdtl] 


.Fomu 


unLcfe 


















s: 


Cutttog. 


cubeyd.. 


cubaydL 


aufttcL 


33(«t. 


3tifeci. 


ft. In, 


cubejdk 


cuteydi 


[Utey,l>. 


1 


62 


69 


76 


84 


91 


2-44 


1 3 


78 


87 


96 


106 


115 


306 


1 6 


95 


106 


117 


128 


139 


3-67 


1 


112 


125 


138 


151 


163 


4-28 


2 


130 


144 


159 


174 


188 


4-89 


2 3 


147 


164 


180 


197 


213 


5-50 


2 e 


166 


184 


202 


221 


239 


6-11 


2 9 


184 


205 


225 


245 


265 


6-72 


3 


204 


226 


248 


270 


292 


7-33 


3 3 


223 


247 


271 


294 


318 


7'94 


3 6 


243 


268 


294 


320 


345 


8-55 


3 9 


263 


290 


918 


345 


373 


917 


4 


284 


318 


342 


372 


401 


9-78 


4 3 


305 


3S6 


367 


398 


429 


10-39 


4 6 


326 


359 


392 


425 


458 


ir 


4 9 


348 


382 


417 


452 


487 


11 -CI 


5 


370 


406 


443 


4 SO 


516 


12-22 


5 3 


392 


431 


469 


508 


546 


12.83 


5 6 


416 


455 


496 


53G 


570 


13-44 


S 9 


438 


481 


523 


565 


607 


14 06 


G 


462 


506 


550 


594 


638 


14-67 


G 3 


486 


532 


578 


624 


069 


15-28 


6 6 


510 


558 


<>06 


053 


701 


15-89 


6 9 


S3S 


585 


634 


684 


733 


16-50 



174 BXCATATION TABLV8. 

Batter qf Slopes, 1^ to I. 



DBplh 
of 


Br»>U,.tFo™..,™L».,. 


One 


CulllBg. 


■4 feet. 


l!7f«i. 


xtem. 


33 feel, 


XkH. 
cubcydb 




ft. io. 


rabeydi. 


CulH,dZ 


™ber>l.L 


cubejdi. 


cubevdi. 


r 


560 


612 


663 


714 


766 


17-11 


7 S 


580 


639 


692 


745 


799 


17-72 


7 6 


612 


667 


722 


777 


832 


18 33 


7 9 


638 


695 


752 


809 


865 


18-94 


8 


665 


724 


782 


841 


900 


19-55 


8 3 


692 


752 


813 


873 


934 


20-17 


8 G 


710 


782 


844 


906 


969 


20-78 


8 9 


747 


811 


876 


940 


1004 


21-39 


9 


776 


842 


908 


974 


1040 


22- 


9 3 


804 


872 


940 


1008 


1075 


22-61 


9 


833 


903 


972 


1042 


1112 


23-22 


9 9 


862 


934 


1005 


1077 


1148 


23-85 


10 


892 


96G 


1039 


1112 


1186 


24-44 


10 3 


923 


998 


1073 


1148 


1223 


25 06 


10 6 


953 


1030 


1107 


1184 


1261 


25-67 


10 9 


984 


1063 


1141 


1220 


1299 


26-28 


11 


1015 


1096 


1176 


1257 


1338 


26-89 


11 3 


1047 


1129 


1212 


1294 


1877 


27-50 


II C 


1079 


1163 


1247 


1332 


1416 


28-11 


11 9 


nil 


1197 


1284 


1370 


1466 


28-72 


12 


1144 


1232 


1320 


1408 


1496 


29-33 


12 3 


1177 


1267 


1357 


1447 


1536 


2994 


12 G 


1211 


1302 


1394 


1486 


1577 


30-56 


12 9 


1245 


1338 


1432 


1525 


1619 


3117 


13 


1279 


1374 


1470 


1565 


1660 


31-78 


13 3 


1314 


1411 


1508 


1605 


1702 


3239 


13 C 


1349 


1448 


1647 


1646 


1745 


33- 


13 9 


1384 


1485 


1586 


1687 


1788 


33-61 



BXCATATIOM TABLES. 17^ 

Batter qf Skpety l\ to 1. 



Dqxb 
of 


BtadtbuFatmiUDaLtnL 




MfHC 


Vtm. 


K^m. 


jafeM. 


36 feu. 


ft. In. 


niteyd. 


OlMTd.. 


CUlW)d» 


"*•)*■ 


cuboydi. 


cuber'l'. 


14 


1420 


1523 


1626 


1728 


1631 


34-22 


14 3 


1457 


1561 


1666 


1770 


1874 


34-83 


14 C 


1493 


1599 


1706 


1812 


1918 


35-44 


14 9 


16S0 


J 688 


1746 


1855 


1963 


3606 


15 


1568 


1678 


1788 


1898 


2008 


36-67 


IS 3 


16DS 


1717 


1829 


1941 


2053 


37-28 


15 6 


1643 


1757 


1871 


1984 


2098 


37-89 


16 9 


1682 


1797 


1913 


2028 


2144 


38-50 


16 


1721 


1838 


1956 


2073 


2190 


39-11 


16 3 


1760 


1879 


1999 


2118 


2237 


39-72 


IG 6 


1800 


1921 


2042 


2163 


2284 


40-33 


16 9 


1840 


1963 


2086 


2208 


2331 


40-94 


17 -0 


1880 


2005 


2180 


2254 


2379 


4I-S6 


17 3 


I9S1 


2048 


2174 


2301 


2427 


42-17 


17 6 


1962 


2091 


2219 


2347 


2476 


42-78 


17 9 


2004 


2134 


2264 


2395 


2525 


43-39 


18 


2046 


2178 


2310 


2442 


2574 


44- 


18 3 


2088 


2222 


2356 


2490 


2624 


44-61 


18 6 


21S1 


2207 


2402 


2538 


2674 


45-22 


18 


2174 


2312 


2449 


2587 


2724 


45-83 


19 


2218 


2357 


2496 


2636 


2775 


46-44 


19 3 


2262 


2403 


2544 


2685 


2826 


47-06 


19 6 


2306 


2449 


2592 


2735 


2878 


47-67 


19 9 


2351 


2495 


2640 


2785 


2930 


48-28 


20 


2390 


2542 


2689 


2830 


2982 


48-89 


20 3 


2441 


2589 


2738 


2886 


3035 


49-50 


20 


2487 


2637 


2787 


2938 


3088 


5011 


20 g 


2533 


2685 


8837 


2989 


3142 


60 73 



176 BXC&VATION TABLBE. 

BaUer qf Slopes, IJ to 1. 



D«lXh 


Br«dlli.lF(™.lloiil.«=l. 


^-gnw 


CDlUng. 


llfHI. 


Wfet- 


wto. 


asftet 


38 fM. 




ft. in. 


cubeTdi 


«'-'y"- 


mtejd.. 


cuHcydh 


cubord^ 


cute ,du 


21 


2580 


2734 


288S 


3042 


3I9C 


51-33 


21 3 


2026 


2782 


2938 


3094 


3250 


51-94 


21 6 


2674 


2831 


2989 


3147 


3304 


52-55 


21 9 


2722 


2881 


3041 


3200 


3360 


53-17 


22 


■ 2770 


2931 


3092 


3254 


3415 


53-78 


22 3 


2818 


2981 


3144 


3308 


3471 


54-39 


22 6 


2867 


3032 


3197 


3362 


3527 


55- 


23 9 


2916 


3083 


3250 


3417 


3583 


55-61 


23 


2966 


3134 


3303 


3472 


3640 


56-22 


23 3 


3016 


3186 


3357 


3527 


3098 


56-83 


23 6 


3006 


3238 


3411 


3583 


3755 


57-44 


23 9 


3117 


3291 


3465 


3639 


3814 


58-06 


24 


3168 


3344 


3520 


3096 


3872 


58-67 


24 3 


3220 


3397 


3575 


3753 


3931 


59-28 


24 6 


3271 


3451 


3631 


3310 


3990 


59-89 


24 9 


3324 


3505 


3687 


3868 


4050 


60-50 


25 


|3376 


3560 


3743 


3926 


4110 


61-11 


25 3 


|3420 


3615 


3800 


3985 


4170 


61-72 


25 6 


|3483 


3670 


3857 


4044 


4231 


62-33 


26 9 


j3537 


3726 


3914 


4103 


4292 


62-94 


20 


!3591 


3782 


3972 


4163 


4354 


63-55 


20 3 


13046 


3838 


4031 


4223 


4416 


64-17 


26 6 


3700 


3895 


4089 


4283 


4478 


64-78 


26 9 


3750 


3952 


4148 


4344 


4540 


65-39 


27 


3812 


4010 


4208 


4406 


4604 


66- 


27 3 


3868 


4067 


4267 


4467 


4667 


66-61 


27 G 


3924 


4126 


4327 


4529 


4731 


67-22 


27 9 II 3981 


4184 


4388 


4592 1 4795 1' 67'83 | 



IXCAVATIOH TABLES. 

of Slopes, \\to 1. 



of 
CnLlhit. 


Breadib #t Pgmwlan LereL 


idDr«d>h 


« A.C. 1 n r*.>- 


»f«i. 


33 fRt. M ten. 


0. Id. 


«b.,d..!cpl«yd. 


cub.)rd. 


cube yd. 


cubeTdi. 


wbcjdt 


28 


4038 


4244 


4449 


4654 


4860 


08-44 


28 3 


409C 


4303 


4510 


4717 


4925 


6906 


28 6 


4154 


4363 


4572 


4781 


4990 


69-67 


28 9 


4212 


4423 


4634 


4845 


5056 


70-28 


29 


4271 


4484 


4696 


4909 


5122 


70-89 


29 3 


4330 


4545 


4759 


4974 


6188 


71 '50 


29 6 


4390 


4606 


4822 


5039 


6255 


7211 


20 9 


4450 


4668 


4886 


5104 


6322 


72-72 


80 


4510 


4730 


4960 


5170 


5390 


73-33 


30 3 


4571 


4793 


5014 


5236 


5458 


73-94 


30 6 


4632 


4855 


5079 


5303 


552G 


74-55 


30 9 


4693 


4919 


5144 


5370 


5596 


75-17 


31 


4755 


4982 


5210 


5437 


5664 


75-78 


31 8 


4817 


5046 


5276 


5506 


5734 


76-39 


31 


4880 


5111 


5342 


5573 


5804 


77- 


31 9 


4943 


5176 


5409 


5641 


5874 


77-61 


32 


5006 


5241 


5476 


5710 


5945 


78-22 


32 8 


6070 


5306 


5543 


5779 


6016 


78-83 


82 6 


5134 


5372 


S6U 


5849 


0087 


79-44 


32 9 


5109 


5439 


5679 


5919 


6159 


80 06 


S3 


5264 


5506 


5748 


5990 


6232 


80-67 


33 3 


5329 


5573 


5816 


6060 


6304 


81-28 


33 6 


5394 


5640 


5886 


6131 


6377 


81-89 


33 g 


5460 


5708 


5966 


6203 


6450 


82-60 


34 


5527 


6776 


6026 


6275 


6524 


83-11 


34 3 


5594 


5845 


6096 


6347 


6598 


83-72 


34 6' 


5661 


6914 


6167 


6420 


6673 


84-33 


34 9i 


5728 


6983 


6238 


6493 


6748 


64-94 
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EXCAVATION TABLES. 



Batter of Slopes^ \^ to 1. 



Depth 
of 


Breadth at Formation LeveL 


One 
perpenddi 

foot 
in Breadth. 


Cutting. 


84 feet 87 feet. 


30 feet. 


33 feet. 


36 f<Bet« 


ft. 


in. 


cube ydB. cube yds. 


cube ydB. 


cube yds. cube yds. 


cube yds. 


35 





5796 


6053 


6310 


6566 6823 


85-55 


35 


3 


5865 


6123 


6382 


6640 


6899 


8617 


35 


6 


5933 


6194 


6454 


6714 


6975 


86-78 


35 


9 


6003 


6265 


6527 


6789 


7051 


87-39 


36 





6072 


6336 


6600 


6864 


7128 


88- 


36 


3 


6142 


6408 


6674 


6939 


7205 


88-61 


36 


6 


6212 


6480 


6747 


7015 


7283 


89-22 


36 


9 


6283 


6552 


6822 


7091 


7361 


89-83 


37 





6354 


6625 


6896 


7168 


7439 


90-44 


37 


3 


6425 


6698 


6971 


7245 


7518 


9106 


37 


6 


6497 


6772 


7047 


7322 


7597 


91-67 


37 


9 


6569 


6846 


7123 


7400 


7676 


92*28 


38 





6642 


6920 


7199 


7478 


7756 


92-89 


38 


3 


6714 


6995 


7275 


7556 


7836 


93-50 


38 


6 


6788 


7070 


7352 


7635 


7917 


94-11 


38 


9 


6861 


7146 


7430 


7714 


7998 


94-72 


39 





6936 


7222 


7508 


7794 


8080 


95-33 


39 


3 


7010 


7298 


7586 


7873 


8161 


95-94 


39 


6 


7085 


7374 


7664 


7954 


8243 


96-55 


39 


9 


7160 


7451 


7743 


8034 


8326 


9717 


40 





7236 


7529 


7822 


8116 


8409 


97-78 



EXCAVATION TABLES. 
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TABLE 3. 

Batter of Slopes^ 1^ Horizontal^ to each 
Perpendicular Foot. 



Depth 
of 


Bieadth at Fonnatlon Level. 


One 
perpendcli 

foot 
in Breadth. 


Cutting. 


24 feet. 


27 feet. 


30 feet. 


33 feet. 


36 feet. 


ft in. 


cube yds. 


cubeydi. 


cube yds. 


cube yds. 


cube yds. 


cube yds. 


1 


62 


70 


77 


84 


92 


2-44 


1 3 


79 


88 


97 


107 


116 


3-06 


1 6 


96 


107 


118 


129 


140 


367 


1 9 


114 


127 


140 


152 


165 


4-28 


2 


132 


147 


161 


176 


191 


4-89 


2 3 


151 


167 


184 


200 


217 


5-50 


2 6 


170 


188 


206 


225 


243 


6-11 


2 9 


189 


209 


229 


250 


270 


6-72 


3 


209 


231 


253 


275 


297 


7*33 


3 3 


229 


253 


277 


301 


325 


7-94 


3 6 


250 


276 


302 


327 


353 


8-55 


3 9 


272 


299 


327 


354 


382 


9-17 


4 


293 


323 


352 


381 


411 


9-78 


4 3 


316 


347 


378 


409 


440 


10-39 


4 6 


338 


371 


404 


437 


470 


11- 


4 9 


361 


396 


431 


466 


,501 


11-61 


5 


385 


422 


458 


495 


532 


12-22 


5 3 


409 


448 


486 


525 


563 


12.83 


5 6 


434 


474 


514 


555 


595 


13-44 


5 9 


459 


501 


543 


585 


627 


1406 


6 


484 


528 


572 


616 


660 


14-07 


6 3 


510 


556 


602 


647 


693 


15-28 


6 6 


536 


584 


632 


679 


727 


15-89 


6 9 


563 


613 


662 


712 


761 


; 16-50 
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EXCAVATION TABLES. 



Batter of Slopes^ l^ to 1. 



Depth 




Breadth at Formation Lerel 


• 


One 


of 










perpendcli 

foot 
in Breadth, 


Cutting. 


24feeL 


27feeL 


30 feet. 


33 feet. 


36 feet, 
cube yds. 


ft. la. 


cube yds. 


cube yds. 


cube yds. 


cube yds. 


cube yds. 


7 


590 


642 


693 


744 


796 


1711 


7 3 


618 


671 


724 


778 


831 


17-72 


7 6 


646 


701 


756 


811 


866 


18-33 


7 9 


675 


732 


789 


845 


902 


18-94 


8 


704 


763 


821 


880 


939 


19-55 


8 3 


734 


794 


855 


915 


976 


20-17 


8 6 


764 


826 


888 


951 


1013 


20-78 


8 9 


794 


858 


922 


987 


1051 


21-39 


9 


825 


891 


957 


1023 


1089 


22- 


9 3 


856 


924 


992 


1060 


1128 


22-61 


9 6 


888 


958 


1028 


1097 


1167 


23-22 


9 9 


921 


992 


1064 


1135 


1207 


23-83 


10 


953 


1027 


1100 


1173 


1247 


24-44 


10 3 


987 


1062 


1137 


1212 


1287 


25 06 


10 6 


1020 


1097 


1174 


1251 


1328 


25-67 


10 9 


1054 


1133 


1212 


1291 


1370 


26-28 


11 


1089 


1170 


1250 


1331 


1412 


26-89 


11 3 


1124 


1207 


1289 


1372 


1454 


27-50 


11 6 


1160 


1244 


1328 


1413 


1497 


28-11 


11 9 


1196 


1282 


1368 


1454 


1540 


28-72 


12 


1232 


1320 


1408 


1496 


1584 


29-33 


12 3 


1269 


1359 


1449 


1538 


1628 


29-94 


12 6 


1306 


1398 


1490 


1581 


1673 


30-55 


12 9 


1344 


1438 


1531 


1625 


1718 


3117 


13 


1382 


1478 


1573 


1668 


1764 


31-78 


13 3 


1421 


1518 


1615 


1713 


1810 


32-39 


13 6 


1460 


1559 


1658 


1757 


1856 


33- 


13 9 


1500 


1601 


1702 1802 


1903 


33-61 



EXCAVATION TABLES. 

Batter of Slopes, \\ to 1. 



I>^"' Brevllhjit PDm..tkni L.»=I. 

nf 


:e: 




CuiUdk. ! Uta\.\ VlUec. tSllttl, 


33 r»(. 1 38 r«t. 




It. 


Id. 


cute Jilt. 


cub. yd* tub. ,d. 


rubt-jdi-nibeyd.. 


ciibtydt 




u 





X540 


1043 1745 


1848 1951 


34-22 




14 


3 


1581 


1(185 1730 


1894 1 1999 


34-83 




14 


6 


1G22 


1728 1834 


1941 2047 


35-44 




14 


9 


1663 


1771 


1879 


1988 


2096 


30-06 




IS 





1703 


13IS 


1025 


2035 


2143 


3«'67 




15 


3 


1747 


1339 


1971 


208.1 


2195 


37-28 




IS 


C 


1790 


1904 


20IS 


2131 


2245 


37-89 




is 





1834 


194S 


2005 


2180 


2296 


3850 




16 





1877 


1995 


2112 


2229 


2347 


39-11 




16 


3 


1 1922 


2041 


21G0 


2279 


2398 


39-72 




16 


6 


1966 


2087 


2208 


2329 


2430 


40-33 




16 


9 


2011 


3134 


2257 


2380 


2503 


40-94 




17 





J 2057 


2182 


2300 


2431 


2556 


41-55 




17 


3 


2103 


2230 


2350 


2483 


2609 


42-17 




17 


6 


2150 


2278 


2400 


2535 


2663 


42-78 




17 


9 


12197 


2327 


2457 


2587 


2717 


43-89 




18 





i 2244 


2376 


2508 


2640 


2772 


44- 




IS 


3 


22S2 


2420 


2500 


2093 


2827 


44-61 




18 


6 


2340 


2476 


2012 


2747 


2883 


45-22 




18 


9 


2369 


2527 * 2664 


2802 1 2939 


45-83 




19 





2438 


2578 2717 


2856 2996 


46-44* 




19 


3 


: 2488 


2629 2770 


2912 


3053 


47-00 




19 


6 


2538 


2681 2824 


2967 


3110 


47-67 




19 


9 


2589 


2734 2879 


3023 


3168 


48-28 




SO 





2640 


2787 


2933 


3080 


3227 


48-89 




20 


3 


2692 2340 


2989 


3137 


3280 


49-50 




20 


6 


2744 2304 


3044 


3193 


3345 


50' 11 




SO 


9 


2796 1 2948 


3100 


3253 1 3405 


50-72 



182 



BXCAVATION TABLES. 



Batter of Slopes, \^ to 1. 



Depth 

of 
Cutting. 


Breftdth at Formation Level. 


One 

perpenddi 

foot 
in Breadth. 


24 feet. 


87 feet. 


30 feet. ! as feet \ 36 feet 

1 


ft. in. 


jcubeydi. 


cube yds. 


cube ydB.;cube yds. 'cube yds. 

1 1 


cube yds. 


21 
21 3 

21 6 
21 9 


2849 

2902 

2956 

>3011 


3003 
3058 
8114 
3170 


3157 
3214 
3272 
3330 


3311 
3370 
3429 
3489 


3465 
3526 

3587 
3649 


61-83 
51-94 
52-55 
53-17 


22 
22 3 
22 6 
22 9 


3065 
3121 
3176 
3232 


3227 
3284 
3341 
3399 


3388 
3447 
3506 
3566 


3549 
3610 
3671 
8733 


3711 
3773 
3836 
3900 


53-78 
54-39 
55- 
65-61 


23 
23 3 
23 6 
23 9 


3289 
3346 
3404 
3462 


3458 
3517 
3576 
3636 


3626 

3687 
3748 
3810 


3795 
3858 
3921 
3984 


3964 
4028 
4093 
4158 


56-22 
56-83 
57-44 
58-06 


24 
24 3 
24 6 
24 9 


3520 

13579 

3638 

3698 


3696 
3757 
3818 
3880 


3872 
3935 
3998 
4061 


4048 
4112 
4177 
4243 


4224 
4290 
4357 
4424 


58-67 
59-28 
59-89 
60-50 


25 
25 3 
25 6 
25 9 


3758 
3819 
3880 
3942 


3942 
4004 
4067 
4131 


4125 
4189 
4254 
4320 


4308 
4375 
4441 ' 
4508 


4492 
4560 
4628 
4697 


61-11 
61-72 
62-33 
62-94 


26 
26 3 
26 6 
26 9 


4004 
4067 
4130 
4193 


4195 
4259 
4324 
4389 


4385 
4452 
4518 
4585 


4576 4767 
4644 4837 
4713 4907 

4782 4978 

1 


63-55 
6417 
64-78 
65-89 


27 
27 3 
27 6 
27 9 


4257 
4321 
4386 
4452' 


4455 
4521 
4588 
4655 


4653 
4721 
4790 
4859 


4851 ' 5049 
4921 5121 
4991 5193 
5062 5266 


66* 
66-61 
67-22 
67-83 



EXCAVATION TABLES. 



183 



Batter of Slopes^ 1^ to 1. 



1 Dtp\ 


ag. 


Breadth at Formation Level. 


One 

perpendclr 

foot 
in Breadth. 


Cuttii 


24 feet 


27 feet. 1 90 feet. 


33 feet 


36 feet. 


ft. 


in. 


cube yds. cube yds. cube yds. 


cube yds. 


cube ydi. 


cube ydi. 


28 





4517 


4723 


4928 


5133 


5339 


68'44 


28 


3 


4584 


4791 


4998 


5205 


5412 ' 


69-06 


28 


6 


4650 


4859 


5068 


5277 


5486 1 


69-67 


28 


9 


4717 


4928 


5139 


5350 


5561 ! 


70-28 


29 





4785 


4998 


5210 


5423 


5636! 


70-89 


29 


3 


4853 


5068 


5282 


5497 


5711 ! 


71-50 


29 


6 


4922 


5138 


5354 


5571 


5787 ; 


72-11 


29 


9 


4991 


5209 


5427 


5645 


5863 


72-72 


30 





5060 


5280 


5500 


5720 


5940 


73-33 


30 


3 


5130 


5352 


5574 


5795 


6017 


73-94 


30 


6 


5200 


5424 


5648 


5871 


6095 


74-55 


30 


9 


5271 


5497 


5722 


5948 


6173 


75-17 


31 





5342 


5570 


5797 


6024 


6252 


75-78 


31 


3 


5414 


5643 


5872 6102 


6331 


76-39 


31 


6 


5486 


5717 


5948 6179 


6410 


77- 


31 


9 


5559 


5792 


6025 


6257 


6490 


77-61 


32 





5632 


5867 


6101 


6336 


6571 


78-22 


32 


3 


5706 


5942 


6179 


6415 


6652 


78-83 


32 


6 


5780 


6018 


6256 


6495 


6733 


79-44 


32 


9 


5854 


6094 


6334 


6575 


6815 


80-06 


33 





5929 


6171 


6413 


6655 


6897 


80-67 


33 


8 


6004 


6248 


6492 


6736 


6980 


81-28 


33 


6 


6080 


6326 


6572 


6817 


7063 


81-89 


33 


9 


6157 


6404 


6652 


6899 


7147 


82.50 


34 





6233 


6483 


6732 


6981 


7231 


8311 


34 


8 


6311 


6562 


6813 


7064 


7315 


83-72 


34 


6 


6388 


6641 


6894 


7147 


7400 


84-33 


IR. 


9 


6466 1 6721 


6976 


7231 


7486 


; 84-94 



aXCAVATtON TABLIB. 

Batter of Slopet, IJ to 1. 



Dtplh 
CuttlBE. 


B™Jlb.if<.ra«OmL«rt. 




Htttt. 

cube yd.. 


"'"'■ 


Mfwl. 
rulKT^ii 


cutHydi. 


cubcT^h. 


ft. In. 


OllKjd, 


85 


6545 


6802 


7058 


7315 


7572 


85-55 


85 3 


6624 


6883 


7141 


7400 


7658 


8617 


35 e 


0704 


6964 


7224 


7485 


7745 


86-78 


35 9 


6784 


7046 


7-308 


7570 


7332 


87-39 


86 


6864 


7128 


7392 


765B 


7920 


88- 


36 3 


6945 


7211 


7477 


7742 


8008 


88-61 


36 6 


7026 


7294 


7562 


7829 


8097 


89-22 


36 9 


7108 


7378 


7647 


7917 


8186 


89-83 


37 


7190 


7462 


7733 


8004 


8276 


90-44 


37 3 


7273 


7546 


7819 


8093 


8366 


91-06 


87 6 


7356 


7631 


7906 


8181 


8456 


91-67 


87 9 


7440 


7717 


7994 


8270 


8547 


92-28 


38 


7524 


7803 


8081 


8360 


8639 


9289 


38 3 


7609 


7889 


8170 


8450 


8731 


93-60 


38 6 


7694 


7976 


8258 


8541 


8823 


94-11 


38 9 


7779 


80G3 


8347 


8632 


8916 


94-72 


39 


7865 


8151 


8437 


8723 


9009 


9.'i-33 


39 3 


7951 


8230 


8527 


8815 


9103 


95-94 


39 6 


8038 


8328 


8618 


8907 


9197 


96-55 


39 9 


8126 


8417 


8709 


9000 


9292 


97-17 


40 


8213 


8507 


8800 


9093 


9387 


97-78 


40 3 


8302 


8597 


8892 


9187 


948 S 


98-39 


40 « 


8300 


8687 


8984 


9281 


9578 


99- 


40 9 


8479 


8778 


9077 


©376 


9675 


99-61 


41 


8569 


8870 


9170 


947! 


9772 


100-22 


41 3 


8659 


8962 


9264 


9567 


9869 


100-83 


41 fi 


8750 


9054 


9358 


9663 


9967 


101-44 


41 9 


8841 


9147 


9453 


9759 


10065 


102-06 



IXCAVATION TABLES. 



185 



Batter of StopeSf l^ to 1. 



Depth 
of 

CvttlBf. 



It hi. 

42 

42 8 

42 6 

42 9 



43 
4S 
43 
43 

44 
44 
44 
44 

45 
45 
45 
45 

46 
46 
46 
46 

47 
47 
47 
47 

48 
48 
48 
48 




3 
6 
9 


3 
6 
9 


3 
6 
9 


3 
6 
9 


3 
6 
9 


3 
6 
9 



Bntdth At FonutioB LeveU 



tifMt. 



cube yds. 

8932 
9024 
91161 
9209 

9302 
9396 
9490 
9585 

9680 
9776 
9872 
9968 

10065 
10162 
10260 
10359 

10457 
10557 
10656 
10756 

10857 
10958 
11060 
11162 

11264 

11867 
11470 
11574 



Ctttot yds. cube ydi. 



17 tot 



9240 
9334 
9428 
9528 

9618 
9718 
9809 
9906 

10003 
10100 
10198 
10296 

10395 
10494 
10594 
10694 

10795 
10896 
10997 
11099 

11202 
11805 
11408 
11512 

11616 
11721 
11826 
11932 



30 feet 



83 feet 



9548 

9644 
9740 
9886 

9933 
10080 
10128 
10227 

10325 
10425 
10524 
10624 

10725 
10826 
10928 
11030 

11132 
11235 
11338 
11442 

11546 
11651 
11756 
11862 

11968 
12075 
12182 
12289 



cttbeydi. 

9856 

9953 

10051 

10150 

10248 
10348 
10447 
10547 

10648 
10749 
10851 
10958 

11055 
11158 
11261 
11865 

11469 
11574 
11679 
11785 

11891 
11998 
12105 
12212 

12320 
12428 
12537 
12647 



96 fleet 



cubeydfc 

10164 
10263 
10868 
10463 

10564 
10665 
10766 
10868 

10971 
11074 
11177 
11281 

11385 
11490 
11595 
11701 

11807 
11918 
12020 
12128 

12236 
12344 
12453 
12562 

12672 
12782 
12893 
18004 



One 

perpendcli 

foot 
In Breadth 



cttbeydi. 

102'67 
108*28 
103'89 
104'50 

105'11 
105'72 
106'33 
106-94 

107-55 
108-17 
108-78 
109-39 

110' 
110-61 
111-22 
111*83 

112-44 
113-06 
113-67 
114-23 

114-89 
115-50 
116-11 
116-72 

117-33 
117-94 
118-55 
119-17 



AA 



186 



SXCAVATION TABLES. 



Batter of Slopes^ \\ to 1. 



Depth 
of 

Cutting. 



ft* in* 

49 

49 3 

49 6 

49 9 



50 
50 
50 
50 

51 
51 
51 
51 

52 
52 
52 
52 

53 
53 
53 
53 




3 
6 
9 


3 
6 
9 


3 
6 
9 


3 
6 
9 



54 



Breadth at Fonnatlon Lerel. 



94 feet. 



cube y di. loibe ydi. cube y di. 

11678 12038 12397 
117831214412505 
11888 12251 12614 
119941235912724 



12100 
12207 
12314 
12421 

12529 

12637 
12746 
12856 

12965 
13076 
13186 
13297 

13409 
13521 
13634 
13747 

13860 



87 



12467 
12575 
12684 
12793 

12903 
13013 
13124 
13235 

13347 
13459 
13571 
13684 

13798 
13912 
14026 
14141 

14256 



aOflBet. 



12833 
12944 
13054 
13165 

13277 
13389 
13502 
13615 

13728 
13842 
13956 
14071 

14186 
14302 
14418 
14535 

14652 



cubeyde> 

12756 
12867 
12977 
13088 

13200 
13312 
13425 
13538 

13651 
13765 
13879 
13994 

14109 
14225 
14341 
14458 

14575 
14693 
14811 
14929 

15048 



36 feet* 



cube yde> 

13116 
13228 
13340 
13453 

13567 
13681 
13795 
13910 

14025 
14141 
14257 
14374 

14491 
14608 
14726 
14845 

14964 
15083 
15203 
15323 

15444 



One I 

perpenddi 

foot 
inBkeedth. 

cube ydSi 

119-78 
120-39 
121- 
121-61 

122-22 
122-83 
123-44 
124-06 

124-67 
125-28 
125-89 
126-50 

127-11 
127-72 
128*33 
128-94 

129-55 
130-17 
130-78 
131*39 

132. 



BXCAVATION TABLBB. 



Batter qf Slopes, 1| HwizotUaly to each 
Perpendicular Foot. 



Calthi,. 




B™d,. 


tFom-U^L^e 




Om 


MftM. 


»(Ml. 


aotWL 


aitmt. 


Mfccu 


ft. lo. 


™i»»d* 


ateyd^ 


•.a^yit. 


cute yd.. 


cuUyd.. 


nib. yd.. 


1 


63 


70 


78 


85 


92 


2-44 


1 3 


80 


89 


98 


108 


117 


306 


1 6 


98 


109 


120 


131 


142 


3-67 


I 


116 


129 


141 


154 


167 


4-28 


2 


134 


149 


164 


178 


193 


4-89 


2 3 


154 


170 


187 


203 


220 


5-50 


2 6 


173 


192 


210 


228 


247 


611 


2 9 


194 


214 


234 


254 


274 


6-72 


3 


215 


237 


269 


281 


303 


7-33 


8 3 


236 


260 


284 


307 


331 


7-94 


S 6 


268 


283 


309 


335 


360 


8-55 


3 9 


280 


308 


336 


363 


390 


9-17 


4 


303 


332 


362 


391 


420 


9-78 


4 3 


327 


358 


389 


420 


451 


10-39 


4 6 


351 


384 


417 


450 


483 


ir 


4 9 


375 


4t0 


445 


480 


515 


11 '61 


5 


400 


437 


474 


510 


547 


12-22 


5 3 


426 


464 


503 


541 


580 


12.83 


5 6 


4S2 


492 


533 


573 


613 


13-44 


5 9 


479 


521 


563 


605 


647 


14 06 


6 


50G 


550 


594 


638 


682 


14-67 


6 3 


534 


580 


tt25 


671 


717 


15-28 


6 6 


562 


610 


657 


7or> 


7r.3 


15-89 


6 


591 


640 


(i90 


739 


789 


16-50 



■XCAYATIOM TABLBa. 



Batter qf Slopet, 1| to I. 



DWh 


Biadth 


.lFo™nimL««!. 


■"S" 


Culling. 


Mtta. 


»(«i. 


»1M. 


SSfMl. 


36 b«. 


LnBiadUi 


n. Id. 


™tajdi 


nibsTfli 


culMTd^ 


cube yd- 


nbiTdi. 


Cuba lit. 


7 


620 


672 


733 


774 


826 


17-11 


7 8 


650 


703 


757 


810 


863 


17-72 


7 6 


681 


736 


791 


846 


901 


18-33 


J 9 


712 


768 


825 


882 


939 


18-94 


8 


743 


802 


860 


919 


978 


19-55 


8 3 


775 


836 


896 


957 


1017 


20-17 


8 6 


808 


870 


932 


995 


1057 


20-78 


a 9 


841 


905 


999 


1033 


1098 


21-89 


9 


875 


941 


1007 


1073 


1189 


22- 


g 3 


909 


D77 


1044 


1112 


1180 


22-61 


9 6 


943 


1013 


1083 


1152 


1222 


23-22 


9 9 


979 


1050 


1122 


1193 


1265 


28-83 


10 


1014 


1088 


1161 


1234 


1308 


24-44 


10 3 


1051 


1126 


1201 


1276 


1851 


25 06 


10 fi 


1088 


1165 


1242 


1319 


1396 


25-67 


10 9 


U25 


1204 


1283 


1362 


1440 


26-28 


11 


1163 


1244 


1324 


1405 


1486 


26-S9 


11 S 


1201 


1284 


1366 


1449 


1531 


27-50 


11 6 


1240 


1325 


U09 


1493 


1578 


28-11 


11 9 


1260 


1366 


1452 


1538 


1625 


28-72 


12 


1320 


1408 


1496 


1584 


1C72 


29 88 


12 3 


'1861 


1450 


1540 


1630 


1720 


2994 


12 6 


1402 


1493 


1585 


1677 


1708 


30-55 


12 9 


1443 


1537 


1630 


1724 


1817 


8117 


13 


1486 


1581 


1676 


1772 


1867 


31-78 


13 3 


1528 


I62G 


1723 


1820 


1917 


32-39 


18 6 


1572 


1071 


1770 


1809 


1968 


33' 


13 9 


1615 


1716 


1817 


1918 


2019 


33-61 



KXCAVATIOH TABLES. 

of Slopes, \%to 1. 



Mpth 


BiHdUix FoniutUiii LcTit. 


^,^,.,. 








ZSl. 


G<i1Ud|. 


MiML 


ITfcl. 


30t«El. 


33 /tm. 


an Act. 


B. 


to. 


™ta^ 


™b.Td.. 


cubcTdi. 


rube yd.. 


cube yd.. 


oibeydi 


14 





IGGO 


1762 


1865 


1968 


2070 


34-22 


14 


3 


1705 


1809 


1914 


2018 


2123 


34 83 


14 


6 


1750 


1856 


1963 


2069 


2175 


35-44 


14 


9 


1796 


1904 


2012 


2121 


2229 


36-06 


15 





1848 


1953 


2063 


2173 


2283 


36 67 


\S 


3 


lfi90 


2001 


2113 


2225 


23.^7 


37 28 


15 


6 


1937 


2051 


2164 


2278 


2392 


37-89 


15 


9 


1985 


2101 


2216 


2332 


2447 


38-50 


16 





2034 


2151 


2268 


2386 


2503 


39-11 


16 


3 


2083 


2202 


2321 


2440 


2560 


39-72 


16 


6 


2133 


2254 


2375 


2496 


2617 


40-33 


16 





2183 


2306 


2429 


2551 


2674 


40-94 


17 





2234 


2358 


2483 


2608 


2732 


41-55 


17 


3 


2285 


2411 


2588 


2664 


2791 


42-17 


17 


6 


2337 


2466 


2593 


2722 


2850 


42-78 


17 


9 


2389 


2519 


2649 


2780 


2910 


43-39 


18 





2442 


2574 


2706 


2838 


2970 


44- 


18 


8 


2495 


2629 


2763 


2897 


3031 


44-61 


18 


6 


2549 


2685 


2821 


2956 


3093 


45-22 


IS 


9 


3fiU4 


2741 


2879 


3016 


3154 


45 -SS 


19 





2659 


2798 


2938 


3077 


3216 


46-44 


19 


3 


2715 


2856 


2997 


3138 


3279 


4706 


19 


6 


2771 


2914 


3057 


3200 


3343 


47-67 


19 





2827 


2972 


3117 


3262 


3407 


48-28 


30 





2884 


3031 


3178 


3324 


8471 


48-89 


20 


3 


2942 


3091 


3239 


3388 


3536 


49-50 


20 


6 


3000 


3151 


3301 


3451 


3602 


50-11 


20 


9 


3059 


3211 


3364 


3516 3666 


50-72 



Batter qf Slopet, 1| to 1. 



DMh 


anOth U FormiUoiiI^aL 


p«gc, 


cmuog. 


MhM. 




^i^. 


JSfiW. 


3cir«t. 


n. Id. 


cattctte 


cuteydi. 


<nibey<U. 


cube ,d^ 


21 oil 3119 


3273 


3427 


3581 


3735 


51-33 


21 Si; 3178 


3334 


3490 


3646 


3802 


51-94 


21 6 


3239 


3396 


3554 


3712 


3869 


52-55 


21 9 


3300 


3459 


3619 


3778 


3938 


53-17 


22 


3361 


3522 


3684 


3845 


4006 


53-78 


22 3 


3423 


3586 


3749 


3913 


4076 


54-39 


22 6 


3486 


3651 


3816 


3981 


4146 


55- 


22 9 


3349 


3716 


3882 


4049 


4216 


55-61 


23 


3612 


3781 


3950 


4118 


4287 


56-22 


23 3 


3670 


3847 


4017 


4188 


4358 


56-83 


23 6 


3741 


3913 


4086 


4258 


4430 


57-44 


23 


3806 


3980 


4155 


4329 


4503 


58-06 


24 


3872 


4048 


4224 


4400 


4576 


58-67 


24 3 


3938 


4116 


4294 


4472 


4650 


59-28 


24 6 


4005 


4185 


4364 


4644 


4724 


59-89 


24 9 


4072 


4254 


4435 


4617 


4798 


60-50 


25 


4140 


4324 


4507 


4690 


4874 


6l-n 


25 3 


4209 


4394 


4579 


4764 


4949 


61-72 


25 6 


4278 


4465 


4652 


4839 


5026 


62-33 


25 9 


4347 


4536 


4725 


4914 


5102 


62-94 


26 


4417 


4608 


4798 


4989 


5180 


63'53 


26 3 


4488 


4680 


4873 


5065 


5258 


64-17 


26 G ; 4559 


4753 


4947 


5142 


5336 


64-78 


26 9 


4630 


4827 


5023 


5219 


5415 


65 89 


27 


4703 


4901 


5099 


5297 


5495 


66- 


27 3 


4775 


4975 


5173 


5375 


3575 


66-61 


27 G 


4848 


5050 


5252 


5453 


5655 1' 67-221 


27 9 


4922 


5126 


5329 


5533 


5736 1 67-83 1 



■XCATATIOH TABLU. 191 

Batter ^ Slopet, 1$ (o 1. 



Deitth 

CxttiDC. 


fi rudth u FomuikHi Level. 


InBradth 


MfM.j»7rMt. 3UA«. 


OTfeet 


cubeydt 


ft. In. 


nl»vd..cube;di.|ciilK)<U. 


cubeydi. 


38 


4996 5202 


6407 


5612 


5818 


68 '44 


38 3 


5071 6278 


6486 


5693 


5900 


69 06 


38 6 


5147 5356 


5565 


6774 


5983 


69-67 


2» 9 


5223 , 5433 


5644 


5855 


6066 


70-28 


29 


5299 


5512 


5724 


6937 


6150 


70-89 


29 3 


5376 


5590 


5805 


6019 


6234 


71-50 


29 6 


5453 


5670 


5S86 


6102 


6319 


72-11 


29 9 


5531 


5750 


5968 


6186 


6404 


72-72 


30 


5610 


5S30 


6050 


6270 


6490 


73-33 


30 a 


5689 


5911 


6133 


6365 


6576 


7394 


30 6 


5769 


5992 


6216 


6440 


66G3 


74-56 


30 9 


5849 


6074 


6300 


6625 


6751 


75-17 


81 


5930 


6157 


6384 '6612 


6839 


75-78 


81 3 


60U 


6240 


6409 j 6698 


6928 


76-39 


31 6 


€093 


6324 


6555 


6786 


7017 


77- 


31 9 


6175 


6408 


6641 


6873 


7106 


77-61 


32 


6258 


6492 


6727 


6962 


7196 


78-22 


82 3 


6341 


6578 


6S14 


7061 


7287 


78-83 


32 6 


6425 


6663 


6902 


7140 


7378 


79-44 


32 9 


6510 


6750 


6990 


7230 


7470 


80-06 


33 


6595 


6837 


7079 


7321 


7563 


80-67 


33 3 


6680 


6924 


7168 


7412 


7655 


81-28 


33 6 


6766 


7012 


7257 


7503 


7749 


81-89 


83 9 


6853 


7100 


7348 


7595 


7843 


82.50 


34 


6940 


7189 


7438 


7688 


7937 


83-11 


34 3 


7027 


7279 


7530 


7781 


8032 


83-72 


34 6 


7U6 


7369 


7622 


7875 


8128 


84-33 


34 9 


7204 


7459 


7714 


7969 


8324 


84-94 



193 tXCAVATION TABLES. 

Batter of Slopa, \%to 1. 



Dqplh 


BiBwlIbUFDniuLlon l.««L 


One 


Contag. 


HIWL 


s7fc«. 


»f«K. 


331m. 


XteOL 


I.^ft 


ft. In. 


«b.^.. 


oibtTdi. 


EUbeidi. 


nibeTdi. 


i^tKyd., 


Eubeyd. 


S5 


7294 


7550 


7807 


8064 


3820 


85-55 


35 S 


7383 


7642 


7900 


8159 


8417 


8617 


35 


7474 


7734 


7994 


8256 


8615 


86-78 


35 9 


7565 


7827 


8089 


8351 


8613 


87-39 


36 


7656 


7920 


8184 


8448 


8712 


88- 


36 3 


7748 


8014 


8280 


8545 


8811 


88-6) 


36 (t 


7840 


8108 


837(i 


8643 


8911 


8922 


36 9 


7933 


8203 


8472 


8742 


9011 


89-83 


37 


3027 


8298 


8570 


8841 


9112 


90-44 


37 3 


8121 


8394 


8607 


8941 


9214 


91-06 


37 6 


8216 


8491 


8766 


9041 


9316 


91-67 


37 » 


8311 


8588 


8864 


9141 


9418 


92-28 


38 


8406 


8685 


89G4 


9242 


9521 


92 89 


38 3 


8503 


8783 


9064 


9344 


9625 


93-50 


38 6 


8599 


8882 


9164 


9446 


9729 


94-11 


38 9 


8fii>7 


8981 


9265 


9549 


9833 


94-72 


39 


8795 


9081 


9367 


9653 


9939 


95-33 


39 3 


8893 


9181 


9469 


9750 


10044 


95-94 


39 6 


8992 


9281 


9571 


9801 


10150 


96-65 


39 9 


9091 


9383 


9674 


9966 


10257 


97-17 


40 


9191 


9484 


9778 


10071 


10364 


97-78 


40 3 


9292 


9587 


9682 


10177 


10472 


98-«9 


40 


9393 


9690 


9987 


10284 


10581 


99- 


40 9 


9194 


9793 


10092 


10391 


10690 


99 61 


41 


9596 


9897 


10198 


10498 


10799 


100-22 


41 3 


9699 


10001 


10304 


10606 


10909 


100-83 


41 


9802 


10106 


10411 


10715 


11019 


101-44 


41 9 


9906 


10212 10518 


10824 


11130 


102-06 



BXCAVATION TABLES. 193 

BaUer of Slopes, X^to \. 



Depth 
Cutting. 


Bwadth .t Fo milfoil iBi-eL 




Mr«(. 


»7f«t- 


-^■■l-^-- 


XtM. 


ft. iK. 


tulieyd.. 


:uW.ydfc 


ciil>e)rd..'™Uydt 


nibejdt 


CUlKjd,. 


42 


10010 


10318 


1062610934 


11242 


102-67 


42 3 


10115 


10425 


10734:11044 


11354 


103-28 


42 6 


10220 


10532 


10843 11IS5 


11467 


103-89 


42 9 


10326 


10639 


10953 112G6 


11580 


104-50 


43 


10432 


10748 


1106311378 


11694 


105-11 


43 3 


10539 


10856 


1117411491 


11808 


105-72 


43 6 


10647 


1096C 


11285' 11604 


11923 


106-33 


43 9 


10755 


11075 


11396 11717 


12038 


lOG-94 


44 


10863 


11186 


11508 11831 


12154 


107-55 


44 3 


10972 


11297 


11621 11946 


12270 


10817 


44 G 


11082 


11408 


11734 12061 


12387 


108-78 


44 9 


11192 


11520 


11848!l2176 


12505 


109-39 


45 


11303 


11683 


1196312293 


12623 


110- 


45 3 


114)4 


11746 


12077 12409 


12741 


110-61 


45 6 


11525 


11859 


12193 12526 


12860 


111-22 


45 9 


11638 


11973 


12309 


12644 


12980 


111-83 


46 


11750 


12088 


12425 


12762 


13100 


112-44 


46 3 


11864 


12203 


12542 


12881 


13220 


11306 


46 6 


11978 


12319 


12660 


13001 


13342 


113-67 


46 9 


12092 


12435 


12778 


13121 


13463 


114-28 


47 


12207 


12552 


12896 


13241 


13586 


114-89 


47 3 


12322 


12669 


13015 


13362 


13708 


115-50 


47 6 


12438 


12787 


13135 


13483 


13832 


116-11 


47 9 112555 


12905 


13255 


13605 


13956 


116-72 


48 12672 


13024 


13376 


13728 


14080 


117-33 


48 3 12790 


13143 


13497 


13851 


14205 


117-94 


48 6 12903 


13263 


13619 


13975 


14330 


118-55 


48 9 ,| 13026 


13384 


13741 


14099 


14456 


119-17 



EXCAVATION TABLES. 

Batter {^Slopes, If to 1. 



Depth 

of 
Culling. 


Bnidlh It fomullon L«iel. 


:si 


M f HC 1 37 feu. 


30 h.1. 1 M fM. 1 as f«l. 


ft. to. 
49 
49 3 
49 6 
49 9 


™i»jdi.^l..,dt 


rulwyd.. 

13864 
13988 
14112 
14236 


mheycli'ciibeyili. 


nilw ydi. 

119-78 
120-39 
121- 
121*61 


I3J46 
13265 
13380 
13506 


13505 
13627 
13749 
13871 


14224 14583 
H349]l4710 
14475 14838 
14601 14966 


SO 
SO 3 
SO 6 
50 9 


13628 
13750 
13872 
13995 


13994 
14118 
14242 
14367 


14361 14728 

14487:14855 
14613,14983 

1473915U2 


15094 
15224 
1.5353 
15484 


122-22 
122-83 
123-44 
124-06 


51 
51 3 
51 6 
51 9 


14119 
14243 
14367 
14492 


14493 
14G18 

14745 
14872 


14867,15241 
14994 15370 
1512215500 
15251 15631 


15615 
15746 

15878 
16010 


1 24 '67 
125-28 
125-89 
126-50 


52 
52 3 
52 6 
52 9 


|I4618 
14744 
14871 
14998 


14999 
15127 
15256 
15385 


15380 
15510 
15641 
15772 


1576216143 
15893 16277 
16026 16411 
1615810545 


127-11 
127-72 
128-33 
128-94 


53 
63 3 
53 6 
53 9 


15126 
15254 
15383 
15512 


15514 
15644 

15775 
15906 


15903 
16035 
16167 
16300 


16292 16680 
1642516816 
16560 16952 

16695 17089 


129-55 
130-17 
130-78 
131-39 


54 


15642 


16038 


16484'l683o'l7226 


132. 



BXCAVATIOM TABLES. 



BiUter qf Slopes, 2 Horizontal, to each 
Perpendicular Foot. 



of 

CnlllDg. 




B^d.h 


tr.™. 


DOLeve 




OH 

InUrudlh 


street. 


cutieydi 


aoftci, 

tubaydi. 


cuberd.. 


Mf«t- 


R. Id. 


nibeydi. 


cuUyfU. 


cute yd.. 


1 


64 


71 


78 


86 


93 


2-44 


1 3 


81 


90 


9Q 


109 


118 


306 


1 6 


99 


no 


121 


132 


143 


3 67 


1 9 


118 


130 


143 


15G 


169 


4-28 


2 


137 


152 


166 


181 


196 


4-89 


2 3 


157 


173 


190 


206 


223 


5-50 


2 fi 


177 


19ti 


214 


232 


251 


611 


2 9 


198 


218 


239 


259 


279 


6-72 


3 


220 


242 


264 


286 


308 


7-33 


3 3 


242 


266 


290 


314 


338 


7 94 


3 6 


265 


291 


317 


342 


368 


8-55 


3 9 


289 


316 


344 


371 


399 


917 


4 


313 


342 


372 


401 


430 


9-78 


4 3 


338 


369 


400 


431 


462 


10-39 


4 6 


363 


396 


429 


462 


495 


11- 


4 9 


389 


424 


459 


493 


628 


11-61 


5 


416 


452 


489 


526 


662 


12-22 


6 3 


443 


481 


5:.'o 


558 


597 


12-83 


5 6 


471 


511 


551 


592 


632 


13-44 


5 9 


499 


541 


583 


626 


«6S 


14-06 


6 


528 


572 


616 


660 


704 


14-67 


6 3 


558 


603 


649 


695 


741 


15-28 


6 


588 


636 


683 


731 


779 


15-89 


6 


619 


668 


718 


767 


817 


16-50 



BXC&VATION TABLES. 

Batter <if Slopes, 2 to 1. 



Divth 


SiMdlh 


WTDnuLkonl^nl. 


one 


of 








Cutltag. 


cube Id., 


«r«i. 


Atta. 


33fMil. 


cub.,d.. 


InBcodth 


n. m. 


cubejd.. 


cubeydi 


cubeydi. 


cube r<U- 


7 


650 


702 


753 


804 


856 


17-11 


7 3 


682 


735 


789 


842 


895 


17-72 


7 6 


715 


770 


825 


880 


935 


18-33 


7 9 


748 


805 


362 


919 


976 


18-94 


8 


782 


841 


900 


958 


1017 


. 19-55 


B 3 


817 


877 


938 


998 


1059 


20-17 


8 6 


852 


914 


977 


1039 


ItOl 


20-78 


8 9 


888 


952 


1016 


1080 


1144 


21-39 


9 


924 


990 


1(156 


1122 


1188 


22- 


9 3 


961 


1029 


1097 


1164 


1232 


22-61 


9 6 


999 


1068 


1133 


1308 


1277 


23-22 


9 9 


1037 


1108 


1180 


1251 


1323 


23-83 


10 


1076 


1149 


1222 


129G 


1369 


24-44 


10 3 


1115 


1190 


1265 


1341 


1416 


25 06 


10 


1155 


1232 


1309 


1388 


1463 


25-C7 


10 9 


1190 


1274 


1353 


1432 


1511 


2628 


11 


1237 


1318 


1398 


1479 


1560 


26-89 


11 3 


1279 


1361 


1444 


1526 


1609 


27-50 


11 G 


1321 


1406 


1490 


1574 


1659 


28-11 


II 9 


1364 


1450 


1537 


1623 


1709 


28-72 


12 


140S 


1496 


1584 


1672 


1760 


29-33 


12 3 


1452 


1542 


1632 


1722 


1812 


29-94 


13 fi 


1497 


1589 


1681 


1772 


1864 


30-55 


12 9 


1543 


1636 


1730 


1823 


1917 


31-17 


13 


1589 


1B84 


1730 


1875 


1970 


31-78 


13 3 


163C 


1733 


1830 


1927 


2024 


32-39 


13 6 


1683 


1782 


1881 


1980 


2079 


33- 


13 9 


1731 


1832 


1933 


2033 


2134 


33-61 



EXCAVATION TABLie. 197 

it to 1. 



"^U- i: Codlhot Fonn.LI«.L.v.L 


Ul» 


ol 




InBnsadlh 


CuiUbj. 


M tea. »T f«i. 1 J"! few. 


Mfrnl. 


»f»i. 


n. 


Id. 


™i*Jd..;cube,d..<:u1»yil.. 


nHwydi 


nibeydi. 


cutoyd.. 


14 





1780 


1882 


1985 


2088 


2190 


34-22 


14 


3 


1829 


1933 


2038 


2142 


2247 


34-83 


14 


6 


1879 


1985 


2091 


2198 


2304 


35-44 


14 


9 


1929 


2037 


2145 


2254 


2362 


36-06 


15 





1980 


2090 


2200 


2310 


2420 


36-67 


15 


3 


2032 


2143 


2255 


23G7 


2479 


37-28 


15 


6 


2084 


2198 


23U 


2425 


2539 


3789 


15 


9 


2137 


2252 


2368 


2483 


2599 


38-50 


16 





2190 


2308 


2425 


2542 


2660 


39-11 


13 


3 


2244 


2363 


2483 


2002 


2721 


39-72 


10 


6 


2299 


2420 


2541 


2(102 


2783 


40-33 


16 


9 


2354 


2477 


2600 


2723 


2840 


40-94 


17 





2410 


2535 


2660 


2784 


2909 


41-55 


17 


3 


24G7 


2593 


2720 


2840 


2973 


4217 


17 


6 


2524 


2652 


2781 


2909 


3037 


42-78 


17 


9 


2582 


2712 


2842 


2972 


3102 


43-39 


18 





2640 


2772 


2904 


3030 


3168 


44- 


16 


3 


2699 


2833 


29G7 


3100 


3234 


4461 


18 


6 


2739 


2894 


3030 


3160 


3301 


45-22 


18 


9 


2819 


2956 


3094 


3231 


3369 


45-83 


19 





2880 


3019 


3158 


3298 


3437 


46-44 


19 


3 


2941 


3082 


3223 


3365 


3506 


47-06 


19 


6 


3003 


3146 


3289 


3432 


3575 


47-67 


19 


9 


3066 


3210 


3355 


3500 


3645 


48-28 


.20 





3129 


3276 


3422 


3569 


3710 


48-89 


20 


3 


3193 


3341 


3490 


3638 


3787 


49-50 


20 


6 


3257 


3408 


3558 


3708 


3859 


50-11 


20 


9 


3322 


3474 


3627 


3770 


3931 


5072 



BXCAVATION TABLBB. 

Batter qf Sl<^pe», 2 to 1. 



Dq>th 


Bitadtli it FoRBitbD l^>d. 


o» 










Cuiltag. 


Ufy&L. 


«7f«t- 


3af«[. 


cube Yd.. 


MfHL 


ft. 


!u. 


eubejd. 


nilwjd* 


™i»j<u. 


,ub.Tdv 


CUbBfdt 


21 





33S8 


3542 


3696 


3850 


4004 


51-33 




3 


3454 


3610 


3766 


3922 


4078 


51-94 


21 


6 '1 3521 


3679 


3837 


3994 


4152 


52-55 


21 


9 { 3589 


3748 


3908 


4067 


4227 


53-17 


22 





3657 


3818 


3980 


4141 


4302 


53-78 


22 


3 


3720 


3889 


4052 


4215 


4378 


54-39 


22 


6 


3795 


3960 


4125 


4290 


4455 


55- 


22 


9 


3865 


4032 


4199 


4365 


4532 


55-61 


23 





3936 


4104 


4273 


4442 


4610 


56-22 


23 


3 


4007 


4177 


4348 


4518 


4689 


56-83 


23 


6 


4079 


4251 


4423 


4596 


4768 


57-44 


23 





4151 


4325 


4499 


4674 


4848 


58-06 


24 





4224 


4400 


4576 


4752 


4928 


58-67 


24 


3 


4298 


4475 


4653 


4831 


5009 


59-28 


24 


6 


4372 


4552 


4731 


4911 


5091 


59-89 


24 


9 


4447 


4628 


4810 


4991 


5173 


60-50 


25 





4522 


4706 


4889 


5072 


5256 


61-11 


25 


3 


4598 


4783 


4969 


5154 


5339 


61-72 


25 


6 


4676 i 4862 


5049 


5236 


5423 


62-33 


25 


9 


4752 


4941 


5130 


5319 


5508 


62-94 


26 





4830 


5021 


5212 


5402 


5593 


63-55 


26 


8 


4909 


5101 


5294 


5486 


5079 


6417 


26 


6 


4988 


5182 


5377 


5571 5765 


64-78 


26 


9 


5063 


5264 


5460 


5656 , 5852 


65 39 


27 





5HS 


5346 


5544 


5742 5940 


66- 


27 


3 


5229 


5429 


5629 


5828 6028 


66-61 


27 


6 


5311 5512 


5714 


5916 6117 


67 32 


27 


9 


5393 1 5596 


58UO 6003 6207 


67'83 



BXCAVATtON TABLES. 



Batter of Slopes, 2 to I. 



Depth 

or 

Cutting. 


BnaitthitFcrmillDn Level. 


One 
perpenUilr 


Mfeel. 


*7 fee'. 1 S»f«l. 


aafoBt. 


cubeydi. 


n. Id. 


ml»,di™be»ai. 


eu,*,.. 


tube ,d.. 


38 


5476 


5681 


5886 


6092 


6297 


68'44 


28 3 


.5559 


5760 


5973 


6181 


6388 


69-06 


28 fi 


5643 


5852 


6061 


6270 


6479 


09'67 


28 9 


5728 


5988 


6149 


6360 


0571 


70-28 


29 


5813 


6026 


6238 


6451 


6664 


70-89 


29 3 


5899 


6113 


6S28 


6542 


6757 


71-50 


29 fi 


5985 


6202 


6418 


6634 


6851 


72- 11 


29 9 


6072 


6290 


6509 


6727 


6945 


72-72 


30 


6160 


6380 


6600 


6820 


7040 


73-33 


30 3 


6248 


0470 


6692 


6914 


7136 


73-94 


30 G 


6337 


65()I 


6785 


7008 


7232 


74-55 


30 9 


6427 


6652 


6878 


7103 


7329 


75-17 


31 


6517 


6744 


6972 ' 7199 


7426 


7.V78 


31 3 


6608 


6837 


7066 1 7295 


7524 


76-39 


31 G 


6699 


6930 


7161 ; 7392 


7623 


77- 


31 9 


6791 


7024 


7257 7489 


7722 


77-61 


32 


6884 


7118 


7353 7588 


7822 


78-22 


32 3 


6977 


7213 


7450 7686 


7923 


78-83 


32 fi 


7071 


7309 


7347 ' 7786 


8024 


79-41 


32 9 


7165 


7405 


7645 7886 


8126 


8006 


33 


7260 


7502 


7744 1 7986 


8228 


80-67 


33 3 


7356 


7399 


7843 8087 


8331 


81-28 


33 6 


7452 


7698 


7943 8189 


8435 


81-89 


33 9 


7549 


7796 


8044 8291 


8539 


89-50 


34 


7646 


7896 


8145 8394 


8644 


8311 


34 3 


7744 


799.''. 


8247 1 8498 


8749 


83-72 


34 6 


7843 


8096 


8349 1 8002 


8855 


84-33 


34 9 


7942 


8197 


8452 ! 8707 


3962,, 84-94 1 



EXCAVATION TABLB8. 

Batter <{f Slopea, 2 to I. 



or 

CUIIIDI. 


Bnwiai.tlform.llooLe.el. 


.obS*' 


MAet. 


e7(eel. 


30 feet. 

tube yd. 


rafcet. 
cubeTdi. 


36l«t. 


ft. to. 


cutajiU. 


cubejdi 


cubcydi. 


35 


8042 


8299 


8556 


8812 


9069 


85-55 


35 3 


8143 


8401 


8660 


8918 


9177 


86 17 


35 6 


8244 


8504 


8705 


9025 


9285 


8678 


35 9 


8346 


8608 


8870 


9132 


9394 


8789 


36 


8448 


8712 


8976 


9240 


9504 


88- 


36 3 


8551 


8817 


9083 


9348 


S614 


88-61 


36 6 


8055 


8922 


9190 


9458 


9725 


89-22 


36 9 


8759 


9028 


9298 


9567 


9837 


89-83 


37 


8804 


9135 


9406 


9678 


9949 


90 44 


37 3 


8969 


9242 


9515 


9789 


10062 


91-06 


37 


9075 


9350 


9625 


9900 


10175 


91-67 


37 9 


9182 


9458 


9735 


10012 


10289 


9228 


38 


9289 


9568 


9846 


10125 


10404 


92 89 


38 3 


9397 


9677 


9958 


10238 


10519 


93 50 


38 6 


9505 


9788 


10070 


10352 


10635 


94-11 


38 9 


9614 


9898 


10183 


10467 


10751 


94-72 


39 


9724 


10010 


10290 


10582 


10808 


95-33 


39 3 


9834 


10122 


10410 


10698 


10986 


95 94 


39 6 


9945 


10235 


10525 


10814 


11104 


96-65 


39 9 


10057 


10348 


10640 


10931 


11223 


9717 


40 


101C9 


10162 


10756 


11049 


11342 


97'78 


40 3 


10282 


10577 


10872 


11 107 


11462 


98-39 


40 6 


10395 


10G93 


10989 


11286 


11583 


99- 


40 9 


10609 


10608 


11107 


11405 


11704 


99-61 


41 


10624 


10924 


11225 


11526 


1 1 826 


100-22 


41 3 


10739 


11041 


11344 


11646 


11949 


100-83 


41 


10855 


11159 


11463 


11768 


12072 


101-44 


41 9 


10971 


11277 


11583 


1)890 


12196 


102-06 



EXCAVATION TABLES. 

Batter of Slopes, 2 to 1. 



Depth 


BmHthjit FdRDaiion LneL 


p.rgcl 


Cutting. 


£4 f«l. 1 «7 if"- 


» Act. 33 mi. ' X ton. 




fl. la. 

42 
42 3 
42 6 
42 9 


11088 
H20G 
11324 
11443 


11396 
11515 
11636 
11756 


cutKjdB.cubcydi 
I1704'l2012 
11825S12135 
11947;i2259 
12070 12383 


nilKydiv 
12320 
12445 
12571 
12697 


cubejdi. 

102-67 
103'28 
103-89 
104-50 


43 
43 3 
43 6 
43 9 


11562 
11682 
11803 
U924 


11878 
12000 
12122 
12245 


12193 
12317 
12441 
12566 


12508 
12634 
12760 

12887 


12824 
12951 
13079 
13208 


105-11 
105-72 
106-33 
106-94 


44 
44 3 
44 6 
44 


12046 
12169 
12292 
12410 


12369 
12493 
12618 

12744 


12692'l3014 

1281813142 
1294313271 
13072 13400 


13337 
13467 
13597 

13728 


107-55 
10817 
108-78 
109 39 


45 
45 3 
45 6 
45 


12540 
12665 
12791 
12917 


12870 
12997 
13124 
13252 


13200 
13329 
13458 
13588 


13530 
13660 
13792 
13923 


13860 
13992 
14125 
14269 


110- 

no-Gi 

111-22 

111-83 


46 
46 3 
46 6 
46 9 


18044 
13171 
13299 
13428 


13381 
13510 
13640 

13770 


13718 
13849 
13981 
14113 


14056 
14189 
14322 
14456 


14393 
14528 
14663 
14799 


112'44 
113-06 
II367 
114-28 


47 

47 3 
4Y 6 
M 9 


13557 
13687 
13817 
13948 


13902 
14033 
14166 
14298 


14246 

14380 
14514 
14649 


14591 
14726 
14862 
14999 


1493fi 
15073 
15211 
15349 


114-89 
115-50 
116-11 
116-72 


48 
48 3 
48 6 
48 9 


14080 
14212 
14345 
14479 


14432 

14566 
14701 
14636 


14784 
14920 
15057 
15194 


15136 
15274 
15412 
16551 


16488 
16628 
16768 
15909 


117-33 
11794 
118-55 

u9-n 
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BXCAVATION TABLES. 



Batter of Slopes, 2 to I 



Depth 

of 
Cutting. 



Breadth at Fonnation Lerd. 



ft. 

49 
49 
49 
49 

50 
50 
50 
50 

51 
51 
51 
51 

52 
52 
52 

52 

53 
53 
53 
53 

54 
54 
54 
54 

55 
55 
55 
55 



in. 


3 
6 
9 


3 
6 
9 


3 
6 
9 


3 

C 
9 


3 
6 
9 


3 
6 
9 


3 
6 
9 



24 feet 



97 feet. 



cube yds. 

14613 
14748 
14883 
15019 

15156 

15293 

15431 

115569 

15708 
15848 
15988 
16129 

16270 

16412 

|l6555 

16698 

1 16842 
16987 
17132 
17278 

17424 
17571 
17719 
17867 

18016 
18165 
18315 
18466 



cube yds. 

14972 
15109 
15246 
15384 

15522 
15661 
15801 
15941 

16082 
16223 
16366 
16508 

16652 
16795 
16940 
17085 

17231 
17377 
17524 
17672 

17820 
17969 
18118 
18268 

18419 
18570 
18722 

18874 



30 feet. 



33 feet. 



cube yds 

15332 
15470 
15609 
15749 

15889 
16030 
16171 
16313 

16456 
16599 
16743 
16888 

17033 
17179 
17325 
17472 

17620 
17768 
17917 
18066 

18216 

18367 
18518 
18670 

18822 
18975 
19129 
19283 



cubeydi. 

15691 
15831 
15972 
16113 



16256 
16398 
16542 
16686 

16830 
16975 
17121 
17267 

17414 
17562 
17710 
17859 

18008 
18158 
18309 
18460 

18612 
18764 
18918 
19071 

19226 
19381 
19536 
19692 



36 feet. 



cubeydSi 

16050 
16192 
16335 
16478 

16622 

16767 
16912 
17058 

17204 
17351 
17499 
17647 

17796 
17945 
18095 
18246 

18397 
18549 
18701 
18854 

19008 
19162 
19317 
19473 

19629 
19786 
19943 
20101 



One 

peroendclr 

foot 
in Breadth. 

cube yds 

119-78 
120*39 
121- 
121-61 

122-22 
122*83 
123-44 
124-06 

124*67 
125-28 
125-89 
126*50 

127*11 
127-72 
1 28*33 
128*94 

129*55 

130*17 
130*78 
131*39 

132* 
132*61 
133*22 
133*83 

134*44 
135-06 
135*67 
136*28 



EXCAVATION TABLBB. 203 

Batter qf Slopes, 2 to 1. 



; i8fli7|i9oa8 1 

), 19181 1 
18921119336 1 
19074 I94D0 1 
19228!l9646 2i 
19382' 19809 2 
19537 19959 2 
19693 20116 21 

19349 20274 
1 20006,20433 
i 20163120592 
I 20321 [20752 

20480,20912 
19 21073 

20799 21235 

20959 21397 



8 19849 
4 20000 

20164 
7 20323 
4 20482 
2 20642 

1 20802 
20963 



20260 1 I 
20419| 1 
20579 1 






) 21120 

> 21282 

i 21444 

I 21607 



1122430 
i 1 22597 
I 22764, 
> 22932 



20700 21123 
20860'21287 
21021121450 
21183 21613 
21345 21778 
21942 
21671 22108 
21835 22274 

22000 22440 
22165 22607 
22331 22775 
22498 22943 
22665 23112 
22833,23282 
22550 23001 23452 
22717.23170 23023 
22885 23340 23794 
23O.'i3 235lO2390G 
23222'23681 24139 
23392(23852 243J2 



21560 
21723 
21888 
22052 
D 22218 2 



21062 I 
21224 I 
21387 1 
21550 1 
21714 
21879 1 
22044 
210 
22377 
22544 
22712 

22880 
28049 
23219 
23389 
23560 
23731 
23903 
24076' 
24249 j 1 
24423|l 1 
24597 1 
24772! 1 



144-22 
144-83 
145-44 
14606 

146-67 
147-28 
147-89 
148-50 

149-11 
14972 
150-33 
150-94 



BXCATATtON TABLES. 

Batter qf Slopes, 2lol 



D«.U. 
of 

CiilUng. 


Bnndlh •! IMraulioD Lewi. 


LnBra*dIh 


Mhei. 


ili^i. 


»f«i. 


33 (m. 


xt«u 

tabejd*. 


fl. ki. 


cubetd^ 


«l»;d>. 


tube yd* 


cuteyd.. 


cube yd.. 


63 
63 3 
63 6 
63 !> 


43100 
23269 
23439 
23609 


33502 
23733 
33904 
24076 


24024 
24197 
24370 
24544 


24486 
24660 
24836 
25011 


24948 
25124 
25301 
25479 


154-61 
155-22 
15583 


64 
64 3 
64 
64 g 


23780 
23951 
24123 
24296 


34249 
24422 
24596 
24770 


24718 
24893 
25069 
25245 


25188 
25305 
25542 
25720 


25657 
25836 
26015 
26195 


150-44 
15706 
157-67 
158-28 


65 
65 3 
65 6 
65 9 


24469 
24043 
24817 
24992 


24946 
35121 
25298 
25474 


25422 
25600 

25778 
25957 


25899 
26078 
26358 
36439 


26376 
26557 
26739 
26921 


158-89 
159-50 
160-11 
160-72 


66 
66 8 
66 6 
66 9 


25I6S 
25344 
26531 
25699 


25652 
25S30 
26009 
36188 


26136 
26316 
26497 
26678 


26620 
26802 
26984 
27167 


27104 
27288 
27472 
27657 


161-33 
161-94 
162-55 
163-17 


67 
67 3 
67 6 
67 9 


25877 
26056 
26235 

26415 


26368 
26549 
26730 
26912 


26860 
27042 
27235 
27409 


27351 
27535 
27720 

27905 


27842 
28028 
28215 
28402 


163-78 
164-39 
165- 
I65'61 


68 
68 3 
68 6 
68 9 


26596 

26777 
26959 
27141 


27094 

27277 
27461 
27645 


27593 
27778 
27963 
28149 


28092 
28278 
28466 
28054 


28590 
28779 
28968 
29158 


166-22 
166-83 
167-44 
168-06 


69 
69 3 

69 fi 
69 9 


27324 

27508 
27693 
27S77 


27830 
28015 
28202 

38388 


2S336 
28523 

28711 
28900 


28842 
29031 
29221 
29411 


29348 
29539 
29731 
29923 


168-67 
100-28 
169-89 
170-50 


70 


38062 


28576 


29089 


29602 


30116i 


171-11 



INDEX. 



Ab^b Raynal on internal communlca- 

canals, 3 

>rk, masonry, 189 
At^ yai ^ leadage. methods of calcu- 




kSTIMO, 109 

rubble drains underneath, 254 
Mr., Introduction of stone 
iby,33 

S.87 

Batten of slope explained, 113 
Bea^auont, Introduction of railways 

l>y> 98 
BedlingtoB Iron Works, rails of, 34,147 
Be^mxij Mr., on the power of horses. 74 
Blx^ttishaw's patent raU, 34, 147 
Blasting nek, 6S 
Bloc^ stone, S3, 134, 1S8 
diairlng, 134, 100 
settings at right-angles, 135 
obliquely, 136 
improyed method of 167 
BVodumi^ouxse walls, 131 
Boofh'i, Mr., "Patent Axle Grease and 

Imbricating Fluid," 107 
Borlnccs 

locki, American patent for, 65 



Borrodail's " Patent Felt,** 163 
Bricklaying, 131. 133 
Brickwork, specifying, 133 

arching, 134 
Bridges and tunnels, 184, 135 
Bridgewatec's, Duke of. Canal, 10 
Brunei, Mr., Introduction of continu- 
ous bearings into England by, 163 

Calidonian Canal, 14 
Calculating gradients, 40 
Canals, Ancient, 3 

Roman, 9 

English, 10 

Scottish, 10, 14 

Irish, 17 

introduced Into Great Britain, 9 

and railways contrasted, 19 

resistance on, 20> 91 
Capillary attraction, 190 
Car Dyke Canal, 10 
Carlisle Hallway, Cowran HUli cut 

on, 68 
Chairs, see FmImMs 
Chapman, Mr., on wrought and CMt- 

iron rails* 146 
Chat Moss, 38 

railway upon, 159 
Chirk aqueduct, 14 
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INDEX. 



Clareiioe Railway, 35 
gndlenti,<6. 
trade upoD« 36 
raOt mad on, 100 
Clasp* for keyi, nib, 103 
Coal-wi^goiii, mbtance of, 74, 87 
Coletaookidale Iron Works, nils of, 3S 
Consolidating tiaUast, 1A3 
Constantinople, principle of railways 

known at the siege of, 20 
Continuous bearings, railways fixed 

upon, 109 
Conveying horses, 81,87, 88 

weight of carriage for, 88 
Conres, removing excavated earth 

by. Si 
Cowran Hills cut, Carlisle Railway, 68 
Craiglelth quarry, great blasted rock 

in, 65 
Crimdoo cut, Hartlepool Railway, 37 
Croft skew-biidge. Great North of 

England Railway, Hi 
Cubic yards of earth excavated per day 
by eadi workman, 57 

removed per day by 
each horse, 76 
Curved roads, laying rails upon, 158 

Dbscbnding cuts, excavating, 62 
planes, 49 

rule for calculating 
the proper Inclina- 
tion, 49 
Disruptions in slopes. 67* 114, 115. 120 
Double wooden railway, 30 
Drains, rubble, 67* 154 
Dry walls, 144 
Durham Junction Railway, Victoria 

Bridge, on 110 
Durham and Sunderland Railway, Het- 

ton tunnel on, 189 
Dwarf-walls, 68 



EABTB-waggoo, see Waggm 

Edg»4ai], see Roll 

Edinbofgh and Falkirk Union Ca- 

nid,17 
EUesmere Canal, 13 
Embeaking, 109, 112, 116 
in layers, 115 

near, or upon masonry, 1 \fw 
in valleys. 114. 117 
Embankments, slopes of 54. 121 

soiling and grassing the?- 
slopes of, 54, 121 
measuring, 70, 73 
consolidating, 87, 115, 

120*153 
attaining elevations by* 

109 
angle of repose, 113 
foundations, 113, 114 
laying hurdles under- 
neath, 113, 152 
disruptions in, 114,119, 

121 
form of, when subsided, 

116 
deterioration of, 119 
preservatives, 120, 121, 
subsiding, 115, 152 
Endless ropes, 118 
Equalised draught, 49, 81, 87, 119 
Excavating, 53, 56 

machines, 56 

facilitated, id. 

quantity excavated per day 

by eadi workman, 57 
expense of, per cub. yd, %b. 
harrowing, i&. 
horse runs, 58 
gulleting, 60, 64 
in layers, 61, 64 
descending cuts, 62 
rock, 63 



INDEX. 
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c:iccavations, settlug out. S3, AS 

stopei of. S4» 119 

soiling and grafslng slopes 
of, S4, 67 

boring, SS 

calculating, to form em* 
bankments, ib. 

formation-level, 06 

drainage, 67 

dwarf-walllng, and piling 
slopes, 68 

measuring, 69 

weight dec of excavated 
earths, 76, 78 

fixed machlneiy for re- 
moving, 86, 1 18 

locomotive power, 86 

facilitating the delivery of 
excavated earth, US 

expense of unloading, 119 
Exclamation tables 165 

FAC I Z.1TIB8 of railways, 19, 22, 23 
Falls of earth, 56 
Felt. 1.55, 163. 
Fencing, 138 
Feoc^ralling, 143 
walls, 144 

Formation-level, S4, 66 

Forth and Clyde Canal, 17 

Foat Dyke Canal, 9 

Qoi^ooN, Mr., on wheel-tires and horses' 

stioes,103. 
Gradients 40 

rules for calculating, 41 
Ublet of 46. 48 
Oravd Trunk Canal, 11 
Junction, 13 
Irish, 18 
Granite tramways, 103 
Orevtt patent axle, 107 



Great North of England Railway, 

Croft skew-brldgeoD, 111 
Great Western Railway, conUnuous 

bearings, 163 
Grooved rails for croaslng roads upon a 

level, 158 
Grouting, 129 
Gulleting, 60, 64 

HARTLapooL Railway, 37 

Haulage, 74. 86 

Hebert. Mr., on malleable iron rails. 

152 
Hedges, planting, 138. 142 
pruning, 140, 142 
Cratt^tu nxifcanthui, 130 
Ulex EuropBBtu, 141 
Hombtower, Mr., on cast-iron rails, 31 
Horse, power of a, 74, 76, 78 
speed, 74 

duration of his day's work, ib, 
distance travelled per day by a, 

74, 7«, 78 
gross load removed each day by 

a, 74. 76, SB 
proper angle of draught for a, 7S 
usefiil dllect produced each day 

by a, 76 
tons and cubic yards of earth re- 
moved per day by each , 76, 79 
expense of, power, 76, 78, 104 
expense of removing excavated 
< earth per cubk yard per mile, 

76,79 
conveying horses. 82, 87 
method of calculating the day's 

work of a, 83, 96 
noaximum effect produced by, 88 
Horse-runs, description of, 58 
Improved, 59 

jESiiop'a rait- iron rails, 33 
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Impotltioiu of Umdowneri, 84 
ImproTed method c^ letting stone 

blocki,lfl7 
Inclined planes, see PIoiim 
Intenwl oommunlcatlon, 1 

Rbltin aqueduct, 17 

Keying rails, 15% 161 

Keys for rails, 168 

Rllllngworth Railway, wear of wrought 

and cast-iron wheels on, liW 
Kyaniaed timber, 163 

Lamcabtbr Canal 18 
Land, severanoe of, by railways, 83 
quantity of, required for a rail- 
way, 53 
Landowners, compensating, 83 

impositions practiced by, 84 
Leeds and Liverpool canal, 18 
Liverpool and Manchester Railway, 38 
Chat Moss on, 88, 158 
rails used on, 158 
method of joining rails to chairs, 
159 
Llangollen aqueduct 13 
London and Birmingham Railway, 

Wolverton embankment on, 188 
Longitudinal bearings, fixing railways 

upon, 168 
Longridge, Mr., on wrought and cast- 
iron rails. 146 
Losh's, Mr., rails, and method of fixing 

them to the chairs, 159 
Losh Wilson & Bell's rails for conti- 
nuous bearings, and method of fix- 
ing them, 164 
Loughborough Railway, 33, 34 
Lune aqueduct, 18 

Machinkry, excavating by, 56 
Macneil, Mr., on roads & carriages, 103 
Blahomet, railway invented by, 26 



Masonry, 184 

crossing over, with embank- 
ments, 116i 117 
BIatthew*s, Mr., Improred hone-runs, 

58 
Maximum eflbct. Inclination to pro- 
duce the, by animal power, 80, 87 
stationary-engine, 87 
locomotive, 87* 106 
Measuring excavations and embank- 

ments,68 
Military roada, 7 
Mortar, masonry, 187 
Mounds, see Bmbankmentt. 

NawcABTLB-upon-Tyno and North 
Shields Railway, Ouseburn viaduct 
on. Ill 

Wlllinfton Dene, 118 
permanent waylaying on, 
contlnuoiu bearings, 16J 
Northern Canal, 18 

Obliqub method of fixing stone blocks, 
156 

Pack -horses, 9, 87 

Packing stone blocks, 155 

Parallel rails 33, 160 

Parr Moss, embankment upon, Liver- 
pool and Manchester Railway, 38 

Paved roads, 103 

PedesUls, 160, 160 

improved 161 

Permanent waylaying, 145 

Filing and penning slopes, 68 

Plane, equalised, 40, 81, 87* 119 

rule for calculating the pro- 
per Inclination for, 49 

Planes for animal power, 80, 87, 119 
stationary-engine,! 18 
self-acting inclined, <&. 

Planting slopes of embankments, 121 
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PoDtcysylite aqueduct, 13 
Power requisite to ascend planes eluci- 
dated, 51, 77, 78 

Rails, wooden, single, 29 
double, 30 
cast-iron, 31 

edge, 33 
malleable iron. Introduction of 

ib. 
tram. 32 
utility of malleable and cast 

iron, contrasted, 145 
comparative wear of malleable 
and cast-iron, both wheels and, 
150. 161 
for curved roads, 32, 158 
for crossing roads upon a level, 

ib. 
Birkenshaw's malleable iron 

e<lge, 34, 147 
Liverpool and Manchester, 158 
Losh's, 159 

Clarence, parallel, 160 
Newcastle-upon-Tyne & North 
Shields, for longitudinal bear- 
ings. 164 
Railways, facilities of, 19, 22, 23 

and canals contrasted. 19 
principle of. first used, 26 
introduced into England. 27, 

34 
wooden. 28 
cast iron, 31 
malleable iron 33 
first, company instituted 34 
land required for, 53 
resistance on, 20, 21, 22. 49, 
74,75,77.78,87 

temporary lines, 75, 
|r 77. 7fl. 119 



Resistance on railways, see RaUways, 

fluids, 80. 81 

different kinds of roads, 
103, 104 
Retaining walls, pressure against. 135 
Koads, turnpike, 22, 103 
Rock, excavating, HH 
Roman roads, 8 
Royal Irish Canal. 17 
Rubble drains. 67, 154 

Sankky Canal, 10 

viaduct, Liverpool and Man- 
chester Railway, 38 
Severance of land by railways, 23 
Single wooden railway, 29 
Sleepers, laying roads upon transverse 
wooden, 157 

longitudinal, 163 
Slopes, soiling and grassing, 54 

disruptions In, 67 

drainage of, <&. 

rubble drainage, 67, 68 

piling. 68 

batter of, explained, 113 
StafTordshire Canal. 11 
Stanhope and Tyne Railway. 37 
Steel's, Mr. parallel rails, and method of 

fixing them to the chairs, 160 
Stephenson, Mr. on the comparative 
wear of wrought and cast-iron rallsi 

147 

size of stone blocks used by. 158 
rails, and method of fixing them 
to the chairs, 159 
Stockton and Darlington Railway, 34 
trade upon, ib. 

comparative wear of wrought and 
cast-iron rails upon, 151 
Stone, decomposition and disintegration 
of, 126 "~ 
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stone blocks, 33. 164. 158 

Story, Mr. on the comparative wear of 

wrought and cast-Iron nllif 151 
S^gle^en» ehiminum, 9ft 
Surplus excayations, 56 

Tabli, gradient. 46, 48 

decimal, one yard the integer. G9 
tons and cubic yards of earth, 
led by a hone, per day, on va- 
rious inclinations of ascending 
planes, 79 
descending ib. , 

reslstanceof carriages on various 
inclinations of ascending 
planes, 240th pt. wt. 93 



Snoth 94 

:50th 95 

100th 96 

(les. planer I50th 97 

resistance 100 

performance of a horse on 

difTercnt Icinds of roads, on a 

level, 104 

on the proper inclination 106 

exr.TX'atlon, I. Riopcs, 1 to 1 lf»7 

II. - - Utol 173 

III. - - IJtol 179 

IV. - - Iftol 187 
V. - - 2 to 1 105 

Thames and Severn Canal, 12 
Thompson. Mr. on the wear of mallea- 
ble and cast-iron rails. 33, 146 
Tons of earth removed each day by a 
horse, 76. 79 



Trams, removing earth by, 57 

nils, 32 
Tunnel foundations, 125 
Tunnels, 136 

oval, 137 
Turnpike roads, 22, 103. 

ViADDCTs, attaining elevations by, \(9 
Victoria bridge, Durham Junction 

Railway. 110 
Union Canal. Scotland, 17 
Voissoirs, 111, 131) 

Waggons, small, for excavations, .^7, 

earth. 75, 132 

weight of, 76, 78, 1 19 

revolving, 123 
Walbottle Colliery rails, 33 
Walker Iron Works, rails for contin- 
uous bearings. 161 
Walls, fence. 144, 

Watson, Bishop, on quick-lime, 1-27 
Waylaying, permanent. 145 
Wayleaves introduced, 27 
Weight of excavated earth. 76, 7R 
Willington Dene viaduct, Newc.nstlo- 

upon-Tyne and North Shields 

Railway. 11? 
Wolverton embankment, London and 

Birmingham Railway, 122 
Wood, Mr. on the wear of wrought and 

cast-iron wheels, rails, ficc. 150 
Wooden railways, 28 
Young, Dr. Thos., on railways, 93 
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